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BE S£BjELiQB 

DNA TYPLNC BY MASS SPECTROMETRY WIT H 
P OLYMORPHIC DNA REP EAT MARKERS 

BACKCROTJ N 1> O F THE INVENTION 

5 A. Field uf the Invention 

The present invention is generally directed U> Ibe field of genetic identity 
dutuciiuu including forensic identification nnd paternity lusting as well as genetic 
mapping. Tlx; present invention is more specificaHy directed to the use or mass 
*.pcelTometry to detect length variations in DNA nucleotide sequence repeals, often 
1 0 referred to as short landem repeals f STR M )^nicrosatellite repeats or simple sequence 
repeats CSSR 1 *). The invention is also directed to DNA sequences provided for the 
analysis of STR polymorphisms at .specific loci on specific chromosomes. 

I). Description of Related Art 

Polymorphic DNA tandem repeat loci are useful DNA markers fur paternity 
1 5 testing, human identification, and genetic mapping. Hlgricrorgunisans* including 
plants, animals und humans, contain segments of DNA sequence with variable 
Msquence repeats. Commonly sized repeats include dinucleotides, trinucleotides, 
tclraiiuclcurides and larger. The number of repeals occurring at a particular genetic 
locus vary depending on die locus and die individual from a few to hundreds. The 
20 sequence and base composition of repeats can vary significantly, not even remaining 
constant within a particular nucleotide repeat locus. DNA nucleotide repents ore 
known by scrotal different names including microsaielbtc repeats, simple sequence 
repeats, *hurt tandem repeats and variable nucleotide tandem repeats. As used herein, 
the term "DNA tandem nucleotide repeat- CDTNR") refers tu all types* of tandem 
25 repeat sequences. 
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Ubousands of DTNR loci have been identified in the human genome and have 
been prcdicicd lo occur as frequently as oiKe every 1 S kb. Population studies have 
been undertaken on do/ens of these STR markers .is well as extensive validation 
studies in forensic laboratories. Specific primer sequences located in ihc regions 

5 flanking the DNA tandem repeal region have been used lo amplify alleles from DTNR 
loci via the polymery chain reaction CTCR™"). Thus, the PCR™ products include 
the polymorphic repeal regions, which vary in length depending on die number of 
repeacs or partial repeats, and the flanking regions, which are typically of constant 
length and sequence between samples. 

10 Ihe number of repeals present for a particular individual at a particular locus is 

described as the allele value for the locus. Because most chromosomes arc presetit in 
pahs, PCR™ amplifications of a single locus commonly yields two different si*ed 
PCR™ products representing two different repeal numbers or allele values. The range 
of possible repeat numbers for a given locus, determined through experimental 

1 5 sampling of the population, is defined as the allele range, and may vary for each Incus, 
e.g., 7 to 15 alleles. The allele PCR™ product size range (allele size range) Tot a 
given locus is defined by die placement of the Lwo PCR™ primers rclaiive to the 
repeat region and the allele range. The sequences in regions flanking each locus must 
be fairly conserved in order for the primers to anneal effectively and initiate PCR™ 

20 amplification. For purposes of genetic analysis dk iri-, and tstranucleotidc repeats in 
the range of 5 to 50 arc typically utilized in screens. 

Many different primers have been designed for various DTNR loci and 
reported in the literature. These primers anneal to DNA sequences outside Lhe DNA 
tandem repeat region to produce PCR™ products usually in the size range of 1 00-800 

25 bp. These primers were designed with polyacrylamide gei electrophurctic separation 
in mind, because DNA separations have traditionally been performed by slab gel or 
capillary electrophoresis. However, with a mass spectrometry approach to DTNR 
typing and analysis, examining smaller DNA oligomers is advantageous because die 
sensitivity of detection and mass resolution are superior with smaller DNA oligomers. 
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The advantages of using mass spectrometry tor characlcri/.mj; DTNRs iuelutta 
a dramatic increase in boiii the speed of analysis (a few seconds per sample) and die 
accuracy ofdirect muss measurements* In contrast, elcclTophuretic methods require 
significantly longer lengths of time (minutes to hours) and can only measure the si?£ 

5 of DTNIts as a function of relative mobility lo comigrating standards. Gel-based 
separation systems also suffer from a number of artifacts thiil reduce the accuracy of 
size measurements. These mobility artifacts are related lo the specific sequences of 
UNA fragments and the persistence of secondary and tertiary structural elements even 
'under highly denaturing conditions. 

10 The inventors have performed significant work in developing timc-of-ilight 

mass spectrometry (TOF-MS' 1 ) as a means for separating and sizing ).)N A molecules, 
although other forms of mass spectrometry can be used and are within Ihc scope of 
this invention. Balancing the throughput and bigh mass accuracy advantages uf'lOF- 
MS is the limited size range fur which the accuracy and resolution necessary for 

1 5 characterizing DTNR* by mass spectrometry is available. Current state of the art for 
TOF-MS olTcra single nucleotide resolution ttp lo -1 00 nucleotides in si/c and four 
nucleotide resolution up to -160 nucleotides in size. These numbers nre expected lo 
grow as new improvements arc developed in ihc mass spectrometric field. 

Existing gel-based protocols for die analysis of DTvRs do nol work with 

20 TOF-MS because the allele PCR' rM product size range, typically between 1 00 and 800 
nucleotides, is outside the current resolution capabilities of TOF-MS. Application of 
DTNR analysis to TOF-MS requires the development of new primer sets that produce 
small PCR™ products 50 to 1 60 nucleotides in length, preferably 50 to 100 
nucleotides in length. Amplified DMA may also be used to generate single stranded 

25 DNA products that am in the preferred size range for TOF-MS analysis by extending 
a primer in the presence of a chain termination reagent. A typical class of chain 
termination reagent commonly used by those of skill in the art is the 
dideoxynueleolide triphosphate*. Again, application of DTNR analysis to TOl-'-MS 
requires thai the primer be extended to generate products of 50 to 1 60 nucleotides in 

30 size, and preferably 50 lo 100 nucleotides in length. 
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Gel-based systems are capable of multiplexing the analysis of 2 or more 
DTNR loci using two approaches. The first approach i* to size partition the different 
PCR™ product loci. Size partitioning involves designing the PCR™ primers used lo 
amplify different loci so ihul that the allele PCR™ product size range for each locus 

5 cover* a di liferent and separable part of the gel size spectrum* As an example, the 
PCR™ primers Tor Locus A might be designed so that the allele size range i« from 
250 to 300 nucleotides, while tlie primers for Locus B are designed to produce an 
allele ssize range from 340 to 410 nucleotides 

The second approach to multiplexing 2 or more 1TJ Ni< loci on gcl-hascd 

10 systems is the use of spectroscopic partitioning, Current state of the art for gel-based 
systems involves the use of fluorescent dyes as specific spectroscopic markers for 
different PCR™ amplified loci. Different chromophorcs that emit light at different 
color wavelengths provide the means for differential detection of two different PCR™ 
products even inhcy are exactly ihe srnne size, thus 2 or more loci can produce 

15 PCR™ products with allele size ranges that overlap. For example, I^eus A with a 
green fluorescent lag produces an allele size range from 250 to 300 nucleotides, while 
T,ocus B with a red fluorescent tag produces an ullck size range of 270 lo 330 
nucleotides. A scanning, laser-excited fluorescence detection device monitors the 
wavelength of emissions and assigns different PCR™ product sj?ck, aud their 

20 corresponding allele values, to Iheir specific loci based on their fluorescent color. 

In contrast, mass spectromciry directly detects the molecule preventing the use 
of optical spectroscopic partitioning as a means for multiplexing. White it is possible 
To have a limited use of size partitioning with TOF-MS, the limited size range of high* 
resolution detection by TOF-MS makes it likely thai only 2 different loci can be 

25 n i ulciptexed and size partitioned. In many eases, it may not be possible to even 
multiplex 2 loci and maintain a partitioning of the 2 different allele size ranges. 
Uhereforc, new methods are needed in order to employ mass spectrometry for the 
analysis of muliiplcxed DTNRs. 
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SU MMARY OF THE INVENTION 



Ii is. therefore, a goal of the present invention to provide newly designed 
PCR™ primer* which are closer to the repeat regions Lhen have previously been 
5 empJoyed providing Tar Ihc efficient analysis hy TOF-MS. Specifically, the invention 
provides oligonucleotide primers designed to characterize various DTNR markers 
useful for human identity teslinii. The primers nro for use in PCR™ amplification 
schemes, however, one of skill in the art could, in light of the present disclosure, 
'employ them to generate appropriate size nucleic acid products for TOF-MS analysis 
1 0 using other methods of extending one or more of the disclosed primers. Additionally, 
these primers and their extension products are suitable for detection by mass 
spectrometry. Thus, applications of this invention include forensic anil paternity- 
testing and genetic mapping studies. 

An embodiment of Iho presera invention encompasses an oligonucleotide 
1 5 primer for use in analyzing alleles of » DNA tandem nucleotide repeat at a DNA 
tandem nucleotide repeal loeus by mass spectrometry, which includes a nucleotide 
sequence that contains a flanking region of the locus where the primer upon extension 
jjenerates a product that us capable of being analyzed by mass spectmmetry. 
Preferably, the oligonucleotide primer's 3' end will be complementary to a region 
20 Canking a DNA tandem repeat region immediately adjacent to the DNA tandem 

repeat region or may further extend up to one, two, three, four or live tandem repeats 
into the DNA tandem repeat region. Used in this cnniext "immediately adjacent" or 
"immediately flanking" means one, two. three* or four nucleotide away from the 
DNA tandem repeat region of the DNA tandem repeat locus. 
25 The oligonucleotide primers of this invention ure designed to generate 

extension product* amenable to mass spectral analysis and containing a DTNR 
sequence, or region of interest, for which one is interested in determining the mass. 
The 11 flanking 1 ' regions of a DTXR locus arc the portions of DNA sequence on either 
side or llie DTNR region of interest For embodiments employing PGR™ primers 
30 and polymerases to amplify a DTNR sequence, the primers are sufficicnily 
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complementary to a portion of one or more flanking regions of the DTNR locus to 
allow the primer to effectively anneal to the taruel nucleic acid and provide u site to 
extend a complement \o the target nucleic acid via PCR™. For embodiments 
employing primer extension, a preferred method is to use a single primer that is 

5 sufficiently complementary io allow effective ancitlling to a portion of a target DTNR 
locus flanking region id conjunction with a chain termination reagent. The chain 
termination reagent allows the production of discreet lirniUxl tA/x nucleic acid 
products for mass spectral analysis. Preferred chain termination reagent for use in the 
present invention are dideoxynucleotide triphosphates. Therefore, for the methods 

1 0 comprising any type of primer extension, it is preferred thai at least one of the primers 
is sufficiently complementary to a portion ofa flanking region that is preferably 
adjacent to or close to the DTNR region of interest, generally witbin about 40 
nucleotides of the DNA tandem nucleotide repeat region. A3 used in this context 
"about 1 " means anywhere from +1 10 40 nucleotides, and all the integers in between, 

1 5 for example. 11 , ±X =3, +.4, ±5 1 ^6, +7, +8, ±9, J.10, etc. nucleotides. 

Thu rtrhner extension products are preferably single-stranded and may he any 
size that can be adequately resolved by mass spectrometric analysis. Preferably, 
detected, die final prodnct single-stranded target nucleic acids are less than about 160 
or ISO bases in Icngih. More preferably, the extended nucleic acid products arc from 

20 about 1 0 to 100 or 120 bases in length. A3 used in this context •about* means 

anywhere from ± 1 to 20 bases, and all the integers in between, for example, +1, ±2, 
=3, =4, ±5, -L6, ±7, ±8, +9, ± 10, etc. bases. 

As used herein "a" will be understood lo mean one or more. Thus, "a DNA 
tandem repeal marker" may refer, for example. 10 one, two, three, tour, five or more 

25 DNA tandem repeat markers. 

Uhe present invention is also directed to new oligonucleotide primers which 
have been designed to match a portion of the flanking regions for various DTNR loci . 
Specific embodiments of this invention include oligonucleotide primers designed to 
amplify the following DTNR loci: CSF1PO, D3S1358, D5S818,D7S820, DXS1179, 

*0 D13S3 17. DI6SS39. DISSS], D21S1 1, DYS1 9, F1 3A1 . FES/PFS, FOA, HPRTB, 
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IHOl.TPOX, DYS388. DYM9I, DYS392, DY&393, D2SI391, DI8S535.D2S133&, 
DJ9S433, D6S477, D1S518, D14S306.. D22S6K4. R3B, CD4 t D12S391, DIOS220 
and D7S523. With the exception of D3S1 358, sequences for the STR loci of this 
invention are accessible to the general public through GenBank wing the accession 
5 numbers listed in Table 1. These oligonucleotide primers may pref erably contain a 
cleavable site, such as a recognition site for Type II and ITS restriction cndonucleases, 
an exonucleaso blocking site, or a chemically cleavable site, for reducing the length of 
the amplified product and increasing the mass spectral resolution. 

Examples of some oligonucleotide primers that rouy be employed for 

1 0 iunplifying these loci are listed in SEQ ID NO: I through SFQ ID MO: 1 03. Preferred 
oligonucleotide primers Cfaat also contain a oleavahlc phosphorothbale linkage and 
biotin moiety for immobilization onanavidin, screptavidin solid support are 
sequences according to SEQ ID NO:2, SEQ ID X 0:4, SHQ ID NO:5, SEQ ID KO;7 f 
SEQ ID NO:9, SEQ ID NO:1 ], SEQ ID NOW. SEQ ID NO; 16, SEQ ID NO: 17, 

15 SEQ ID NO:1 % SHQ ID NO:21, SEQ ID NO:23 ? SEQ ID NO:25, SEQ ID NO:27, 
SEQ ID NO:30 t SEQ TD NO;3l, SEQ ID NO:83, SEQ ID NO:84, SEQ ID NO:S5, 
SEQ ID NO;86, SEQ ID NO:87, SbQID NO:88 ? SEQ ID NO:89. SK? ID NO:90, 
SEQ ID NO;91 t SEQ TD NO;92 f SEQ ID NO:93, SEQ ID KO:94, SEQ TT) A NO:95 > 
SEQ ID NO:96, SEQ ID NO:97, SEQ ID NO:98. SEQ ID NO:99. SEQ ID NO: 100 

20 and SEQ ID NO:l 03. These newly designed primer* generate nucleic aeid extension 
products which are smaller man those used previously with electrophoresis separation 
methods. Additionally, these primers may be used in other med«>tk of primer 
extension known to those of skill in the sit. 

It will be apparent to one skilled in the ait that some variations of these 

25 primers will also serve effectively, for example, adding or deleting one or a few bases 
from the primer and'or shifting the position of the primer relative to the DTKR 
sequence by one or a tew bases. Thus, primers encompassed by die pTVsent invention 
include die primers specifically listed as well as modifications of these primers. 
Although these sequences aiv all biotinylaicd at the 5* en J iukI contain a 

30 phosphorothioaic linkage at a particular location, one of skill in the art would 
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recognize Lbal similar primer* having biotin moieties and the cleavablc groups at 
other sites would alw be encompassed by the present invention. Primers containing 
types of immobilization attachments sites other than biotin, for example, would also 
be encompassed. Typically, the placement of the elewvable group is not critical as 

5 long as it is ck*c enough to the I 1 end to cleave Ac cleave the nucleic acid extension 
product to a reduced-length amplified product that is amenable to mass spectral 
analysis. These primers in pairs may also be combined to generate overlapping 
I'CR™ product sizes which are all distinguishable by mass. However, for 
embodiments multiplexing multiple DlNR loci with ovei^pmj' ailedic ma^ ranges, 

1 0 strategic placement of the elea vabie group may effect a separation irr an interleaving 
of mass spectral peaks, 

Another embodiment of this inveniion encompasses a kit for analyzing alleles 
of a DTNR loom in a target nucleic acid, having a first strand and a second 
complementary strand, by mass spectrometry which includes & first primer 

1 5 complementary u> the flanking region of a DNA iandcro nucleotide reijcul region and 
a second primer complementary to the opposite flanking region of a DNA tandem 
nucleotide repeat region- Preferred kits of this invention are kits for analyzing the 
following DTNR loci: CSt'lPO, D.1SH58, D5S818, D7S820, D8S1179, D13S317, 
D16S539, D18S5I, D215U.DYS19, F13A1, FFS/FPS, FGA, riPRTft, THOK 

20 (VOX, DYS388, DYS391, DYS392, UYS393, D2S139L D18S535, D2S1338, 

D19S433, 1)63477, D1S51S, Dl4S306,m2S684, F13B,CD4,Dl2$391,D]0S22O 
and D7S523. 

Another embodiment of this invention encompasses a kit for analyzing alleles 
of a multiple D TNR loci in a target nucleic acid by mass spectrometry, which includes 
25 a plurality ofprimers complementary to tbc flaaking regions of DNA tandem 

nucleotide repeal regions. Preferred kits of this inveniion are kits for analysing the 
following DTNR loci: CSF1PO, D3S1358 t D5S8I 8, D7S820, D8S1 179, D135317, 
0168539^18551,1121811, UYS19,F13AUFES/FPS, FGA, HPRITJ, TH01, 
TPOX, DYS388, DYS391, DYS392, DYS393, D2S1391, DI8S535, D2S1338, 
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D19S433, D6S477, DJS518, DHS306, D22S684, F13B, CD4, DI2S39L D10S22O 
andD7S523. 

The primers employed with these kits may preferably have cleavable sites, 
such as a recognition site for a restriction codonuclease, an exonuclease blocking site, 

S or a chemically cleavablc she. Preferred chemically cleavable sites encompass 
modified basses, modified sugars <ejf.» ribose), and chemically cleavable groups 
incorporated into the phosphate backbone, such as dialkoxysilane, T-(S)- 
phosphorothioate, 5^S)-phosphorothioate, S'-OO-phosphoroamidate, or -V-(N> 
* phosphoTvwnidale linkages. Another preferred embodiment h a kit employing a first 

1 0 primer that is capable of attaching to a sol id support. 

For primer extension by PGR amplification, it is preferable to cmpioy these 
primers in pairs. Preferred pairs oPprimers include thr following; a sequence 
according to SLQ ID NO:l and a sequence according to SJiQ ID NO:2 ; a sequence 
according to SEQ ID NO:3 and a sequence according to SKQ JUL) NO:4; a sequence 

1 5 according to SLQ ID NO:5 and a sequence according to SEQ ID NO:6; a sequence 
according to SEQ ID NO:7 and a sequence according to SEQ ID NO:8; a sequence 
according to SEQ ID NO:9 and a sequence according to SEQ ID NO: 10; a sequence 
according u> SEQ ID NO: 1 1 and a sequence according to SEQ ID NO: 12; a sequence 
according to SEQ ID NO: 1 3 and a sequence according to SEQ ID NO: 1 4; a sequence 

20 accordinR lo SEQ ID NO: 15 and a sequence according to SEQ ID NO:16; a .sequence 
according to SEQ ID NO: 17 and a sequence according to SEQ ID MO: 18; a sequence 
according to SEQ ID NO: 19 and a sequence according to SEQ ID NO:20; a sequence 
according to SEQ ID NO:21 aod n sequence according to SEQ ID NO:22; a sequence 
according lo SEQ ID MO:23 and a sequence according to SEQ ID N024; a sequence 

25 according to SEQ ID NO:25 and a sequence according to SEQ ID NO:26; a sequence 
according to SEQ ID NO:27 aod a sequence according to SEQ ID N():28; a sequence 
according lo SEQ ID NO:29 and a sequence according lo SEQ ID NO:30; a sequence 
according to SEQ ID NO:3 1 and a sequence according to SEQ ID NO:32; a sequence 
according to SEQ TT> NO:49 and a sequence according io SEQ IT) NO;H3; a sequence 

30 according to SEQ ID N032 and a sequence according xo SEQ ID NO;$4; a sequence 
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Hccording to SEQ ID KO:54 and a sequence according to SEQ ID NO: 85; a sequence 
according to SEQ ID NO:56 and a sequence according to SEQ ID NO; 86; a sequence 
according to SEQ IT) N0:5« and a sequence according U> SEQ LD NO:R7; a sequence 
according to SEQ TD KO:59 and a sequence according lo SEQ ID NO:8S;a sequence 

5 according to SEQ ID KO:62 and a sequence according, to SEQ TD NO: 89; a sequence 
according Uy SEQ ID NO:63 and a sequence according to SEQ TD NO;90; a sequence 
according to SEQ IT) KO:66 and a sequence according lo SEQ ID NO:9 1 ; a sequence 
according to SEQ ID KO:67 and a sequence according u> SEQ ID NO:92: a sequence 
according u> SbQ ID NO:70 and a sequence according to SRQ IL> NO:93; a sequence 
1 0 according to SEQ ID N0:72 and a sequence according to SEQ ID NO;94;a sequence 
according lo SbQ ID NO:74 and a sequence according lo SEQ ID NO:95: a sequence 
according to SEQ ID NO: 76 and a sequence according to SEQ TD NO:96; a sequence 
according to SEQ ID NO:78 and a sequence according lo SEQ ID NO:97; a sequence 
according lo SEQ ID NO:80 and a sequence according to SEQ TD NO;98; a sequence 

] 5 according to SEQ TD NO:66 and a sequence according lo SEQ ID NO:99; « sequence 
according u> SRQ ID NO:33 arid a sequence according to SEQ TD NO: 100;and a 
sequence according in SFQ ID NO: 1 0 1 and a sequence according to SEQ TD NO: 1 03 . 

In one embodiment al least one of the primers used in prepare the nucleic acid 
extension product contains a surface binding moiety, such as a biotin moiety, at the 5- 

20 end and a cleavable moiely, such as a phosphorothioate linkage (see FIGS. 7A and 
7BX near f* 5 fur a capmrc and release assay, such as one using streptaxidin- 
coated magnetic bead* for binding biolinylared printers, described in PCT latent 
Application No. WO 96/37630, and incorporated herein by reference, These linkages 
are often referred a* diphosphate linkages as well. Incorporation of a method for 

25 obtaining singlo-strandcd PCR™ products, such a* is possible with the primer 

modifications described above, is preferred. Removal of one of the two ainrads halves 
the number of DNA oligomers that will be visualized by TOF-MS and improves the 
likelihood o f resolving all PCR™ product strands- 

Another embodiment of this invention encompasses a method for analyzing 

30 DNA tandem nucleotide repeat alleles at a DNA tandem nucleotide repeat locus? m a 
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target nucleic acid by mass spectrometry which includes the steps of a) objuring a 
target nucl ic acid containing a ONA utndcm nucleotide repeat region; b) extending 
die taTtfd nucleic acid using one or more primers to obtain a limited *aze range of 
nucleic acid extension products, wherein the primers arc complementary u> u sequence 

5 flanking the DNA tandem nucleotide repeat of mid locus; and c) determining the mass 
oflhe nucleic acid extension products by mass spectrometry, where the target nucleic 
acid in normally double-stranded (Le. it ha& a first ylrond and a second complementary 
strand). Nucleic acid extension products may be generated in this method by any 
* means known to those oF skill in the axU and particularly cither by amplification, such 

10 as PCR amplification, or by primer externum in conjunction with a. chain termination 
reagent Preferred primers may immediately Hank ihe DNA tandem repeat locus, or 
may further extend up to one, Iwo. three, four or five tandem repeats into the DNA 
tandem repeal region. Used in this context "immediately adjacent" or "immediately 
flanking" means one, two, Lhree, or four nucleotides away from die DXA tandem 

1 5 repeat region nf the DNA tandem repeat locus. Preferred primers may contain a 

cleavablc site, such as a recognition site Tor » restriction endonuclease, an exonue lease 
blocking site, or a chemically cleuvable site, and he capable of attaching u> a solid 
support. 

These primers may be capable of directly or indirectly attaching to a solid 
20 support via covaleot or uoncovalcnt binding. The primers may contain an 

immobilization attachment site (IAS) for attachment to a solid support. This site is 
usually upstream of the chemically cleavable site, A suitable immobilization 
attachment site is any site capable or being attached to a group on a solid support. 
Hiese sdtes may be a suhstituent on a base or sugar of the primer. An IAS may be, for 
25 example, an antigen, biotin. or digoxigenin. This attachment allows tor isolation or 
only we strand of an amplified product. Such Isolation of cither single-stranded or 
double-stranded amplified target nucleic acids generally occurs prior to the 
application of the nucleic acids to the matrix solution, resulting in well-defined mass 
spectra] peaks and enhanced mass accuracy. The matrix solution can be any of the 
50 known matrix solutions used for mass spectmmctric analysis, including 3- 



WO 99/14375 PCT/US98/1957S 

12 

hydroxypioolmic acid ("J-HP A"), nicotinic acid, picolinic acid, 2,5-dihydroxybcnzoic 
acid, and nitrophcuol. 

For example, in otic embodiment, a $inmd of a target nucleic acid extension 
product may be bound or attached to a solid support to permit rigorous washing and 
5 concomitant removal of salt adduce, unwanted oligonucleotides and enzymes. Either 
a double-stranded or a single-stranded nucleic acid extension product may be isolated 
tor mass spectrometry analysis. The single-stranded target nucleic acid extension 
product analyzed by MS may be either the strand bound or not bound u> the solid 
support, 

10 When an unbound strand is used for MS analysis, it is lypicaily puriaed by 

first washing the bound strand and iu attached complement under conditions not 
sufficiency rigorous to disrupt the strand's aUachmeni to it* bound complement, 
After unwanted bxwuolecuies and salts are removed, the comply ncni may then be 
released under more rigorous conditions. In contrast, when the bound strand is to be 

1 5 analyzed, it is typically washed under more vigorous condition* such that the 

interactions between the bound strand, if present, and its unbound complement is 
disrapted. This allows the unbound strand to be washed away with the other salts and 
un vvwnied biomoleculcs. Clcavable linkers or cleavabic primers may be used to 
release the bound strand from the solid support prwr to MS analysis, 

20 Preferred primers for practicing this method include primers designed to 

amplify DTNK loci selected from the group consisting of CSFlrO, D3S1 358, 
D5S818, D7S^0 ? r>8S1179 t DUS3l7,D16S559 > D18S5l,D21SU > DYS19,FnAl % 
FES/ITS, FGA, HPRTR, TH01, TPOX, DYS388, DYS391, DYS392, DYS393, 
D2S1 391, D18S535, D2S1338, D19S433, D6S477, Dl S518, D14S306, D22S684, 

25 H3B, CD4, D12S391, D10S220 und D7S523. Preferred pairs of primens designed to 
amplify these loci iuelude: a sequence according to SEQ ID NO: 1 and a sequence 
according to SEQ ID NO:2; a sequence according u> SEQ ID NO:3 and u sequence 
according to SEQ ID NO:4; a sequence according to SEQ iL) NO:5 and a sequence 
according to SEQ ID NO:6; a sequence according to SEQ ID NO:7 and a sequence 

30 according to SEQ ID NO:8; a sequence according to SEQ TDNO:9 and a sequence 
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according lo SF.Q ID NO: 10; a sequence according to SEQ ID NO:ll and a sequence 
according to SEQ ID NO: 12: a sequence according lo SEQ ID NO: 13 and a sequence 
according lo SEQ ID NO: 14; a sequence according to SEQ TD NO; 1 5 and a sequence 
according lo SKQ ID NO: 16; a sequence according to SEQ ID NO: 17 and a sequence 
5 according to SEQ ID NO: 1 8; a sequence according lo SEQ ID NO: 1 9 and a sequent:*: 
according lo SEQ ID KO:20; a sequence according to SFQ ID NO:2l ami a sequence 
according to SEQ ID NO:22; a sequence according to SEQ ID N023 and a sequence 
according to SRQ IT) KO:24; a sequence according lo SEQ ID NO:25 and a sequence 
-according lo SEQ ID NO:2G; a sequence according to SF.Q ID N027 and a sequence 

1 0 according to SRQ ID NG:2«; a sequence according to SFQ ID MO '29 and a sequence 
according to SRQ ID NO:30: a sequence according lo SEQ ID N0:31 and a sequence 
according lo SEQ ID NO:32; a sequence according to SFQ ID NO:49 and a sequence 
according to SRQ ID NO:83: a sequence according to SEQ ID NO:52 and a sequence 
according to SEQ ID NO:84; a sequence according to SRQ ID NO:54 and a sequence 

1 5 according to SEQ ID NO: 85: a sequence according to SEQ ID NO:56 and a .sequence 
according to SEQ ID NO:86; a sequence according to SRQ ID NO:58 and a sequence 
according to SRQ U> NO: 87: a sequence according to SEQ ID NO:59 and a sequence 
according io SEQ ID NO;88;a sequence according to SRQ ID NO:62 and a sequence 
according to SF:Q ID NO: 89: a sequence according to SEQ ID NO:63 and a sequence 

20 according lo SEQ TD NO;90; a sequence according to SEQ ID NO:66 and a sequence 
according lo SEQ ID NO:91 ; a sequence according to SRQ IV) NO;67 and a sequence 
according to SRQ ID NO:92; a sequence according to SEQ ID VO;70 and a sequence 
according to SEQ ID NO;93; a sequence according to SEQ ID NO:72 ami n sequence 
according to SEQ ID NO:94ui sequence according to SRQ ID NO:74 and a sequence 

25 according to SRQ ID NO:95: a sequence according to SEQ ID KO:76 and a sequence 
according to SRQ ID NO:96; a sequence according to SEQ ID NO:78 and a sequence 
according to SEQ ID NO;97; a sequence according to SEQ ID NO:S0 and a sequence 
according lo SEQ ID NO:9S; a sequence according to SEQ ID NO:66 and a sequence 
according to SEQ ID NO:99; u sequence according to SEQ ID NO:33 and a sequence 
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according to SEQIDNO:100; and a sequence according to SCQ IT) NO.101 and a 
sequence according to SEQ II) NO: 103. 

The present invention also focuses on an improved method of multiplexing the 
analy^ of nucleic acid extension product derived from DNA nucleotide repeat loci. 
This mcllKui differs from known methods of multiplexing DTNR analysis in that mass 
spectrometry' in employed and the range of possible nucleic acid extension products 
for llic multiplexed loci, Ihe allele nucleic acid extension product size ranges, may be 
specifically chosen to overlap in the mass scale yet be uniquely resolved and detceird. 

Thus, this, invention encompasses methods for analyzing more than one target 
nucleic acid in which the target nucleic acids are used to produce more than one 
nucleic acid product extension product and where each nucleic acid extension pniduot 
may comprise a different DTNR sequence- A preferred embodiment encompasses 
simultaneously determining the mass of more than one DNA tandem nucleotide repeat 
allele ax more than one DNA tandem nucleotide repeat loci. According to ibis 
embodiment several amplification products containing various DTNR sequences from 
different DTNR loci may be analyzed in the same soluiion and spectrum. 

Additionaily, tlie DNA tandem nucleotide repeat loci may have overlapping 
allelic mass ranyc* (see HGS. 4 and 5). The term "overlapping allelic mass ranges" is 
defined io mean that the alleles tliat may be present for a particular DTNR locus have 
2ft masses that overlap., or coincide, as observed hy mass spectrometry with the masses 
for al teles from another VrSR locus. 1 lie methods of ihe present invention allow one 
to resolve these alleles by mass spectrometry either by increasing the mass separation 
of these peaks or by modifying ihe mass of the amplified products containing the 
various DTNR sequences such thai the amplification products have interleaving mass 
5 spectral peaks (sec FIG. 6Y 

This novel interleaved multiplexing approach overcomes the TOP-MS 
limitations for size partitioning and takes advantage of the high mass accuracy of the 
method within the irigh resolution mass range below about 160 nucleotides in size. 
One specific embodiment encompasses a method that involves the design of specific 
0 primer or primers that produce nucleic acid extension products for a first locus with 
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defined allele mass values. 'I lie primer or primers for second locus arc then selected 
so chat while the mass range for the predicted nucleic acid extension product* of the 
priincrs overlap with the mass range fis the products of the first locus, the specific 
predicted nucleic acid extension product mass valuer differ from those of the first 
5 locus and therefore can be uniquely resolved by TOF-MR. Further loci may be added 
to the multiplex usiny the same method such that, three, four, five. six. seven, eight, 
nine, ten or more loci may be analyzed simultaneously. 

The basic limits for this multiplexing are defined by the ability to resolve all 
'possible nucleic acid extension products within a mixture. It is not inconceivable that 

1 0 as many as ) 0 diilerem loci might be interleaved and uniquely resolved. In addi lion 
to multiplexing two or more DTNRs it is also possible to use this invention to 
interleave mixtures of DTNRs with specific nucleic acid extension products arising 
from nonrepcai loci, e.g., a DTNR locus wilh allelic nucleic acid extension products 
72 ? 76, 80, 84 and 88 nucleotides in size could be simultaneously analyzed with a 

1 5 nucleic acid extension product 82 nucleotides in size. 

The ability to interleave loci requires that (henucleic acid extension product 
mass values for all possible allele values should preferably be known. These allele 
mass values may be determined empirically or more likely by calculation astng the 
known loci sequences. In many cases it may be necessary to 'Tine tune" the allele 

20 mass values tor one or more loci in a multiplexed mixture in order to prevent 

unresolvable overlap between two Nucleic acid extension products. For example, 
allele 5 for I-ocus A may be only 5 Da different in mass than allele 9 for Locus R 
preventing resolution of those two Nucleic acid extension products by mass 
spectrometry* Mass modifications to one or both loci may be used to increase this 

25 mass difference to 100 Da. 

Adjusting the allele mass values for any given locus may be done by any 
number of methods including: increasing or decreasing the size the of the nucleic acid 
extension products via altered sequences and placement of the primers; addition of 
nonhybridizing nucleotides to the 5* ends of one or more primers, addition of 

30 nonnucleoiide chemical modifications internally or to the ends of one or both printers; 
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alterations in base composition within one or both primers, including ihc use of 
nonstandard nucleotides, that mny or may not result in mismatches within the primers; 
incorporation ofand specific placement of a chemically cleavable moiety within the 
primer backbone to reduce the length of ihe nucieic acid extension product by n 

5 selected amount; enzymatic cleavage of the nucleic acid extension products using a 
restriction cudonudease that recognizes a restriction site within one or both primers or 
within the nucleic acid extension product itself; us j of u 5"' lo 3* exonudease in 
concert with exonuclcasc blocking modified nucleotides contained within one or more 
primers: incorporation of nonstandard deoxyribonucleotidcs or chemically or 

1 0 isoiopieally modi God nucleotides during polymcrbsiiion: any number of methyls of 
maw modifying by addition of chemical moieties post amplification; by using 
diiYerent chain termination reagents in conjunction with primer extension; or any 
number of other means that anyone skilled in the art would be able to identify. 

Another embodiment encompasses a method of multiplexing amplification 
products containing DTNRs having overlapping allelic ranges where at least one 
amplication product contains a mass modified nucleotide. Mass modified 
nucleotides include nucleotides io which nonnuckotide moieties have hum 
chemically attached; bases having altered compositions; nonstandard nucleotides, that 
may or may not result in mismatches within the primers; and any ba&cx whose masses 
have bsen modified through the addition of chemical moieties after the amplification 
step. 

Alternatively, the length of at least one extension product may be reduced hy 
1 5 cleaving the extension product at a cleavahl e site such as a restriction endonuclease 
cleavage site, an exonudease blocking site, or u chemically clcavablc she. Prcfcned 
chemically cleavablc sites for multiplexing include modified bases, modified sugary 
[e.g.. ribosc), or a chemically cleavabtc group incorporated into the phosphate 
backbone, such as a dialkoxysihme, 34S)-phosphorotliioatc, 5XS)-phosphorothioatc, 
20 3HNH)hosphoroamidate, or S'-CNVphosphoroamidate. Preferred primers may also he 
capable of aitaclung lo a solid support 
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Auolher embodiment of this invcnliou encompasses a method for multiplexing 
the detection of more Ihan one amplified D\ A landem nucleotide Tvpcat marker from 
more than one DNA tandem nuclenride repeat loci including: determining die mass of 
more than one nucleic acid extension prod net by mass spectrometry, where iho DNA 

5 tandem nucleotide repeat loci each compri.se u DNA tandem repeat sequence and a 
flunking sequence and have overlapping allelic mass ianges. Typically, at least one of 
the target nucleic aeid cxiension products may contain a mass modifying group. 

"Mass; modifying groups" may comprise any group thai alters the nuts* of the 
'amplified products to produce interleaving or otherwise resolvable mass spectral 

1 0 peak.?. These groups, which may be incorporated dicing or after primer extension, 
may be mass modified nucleotides, nonstandard deoxyribonueleolides, or even 
clcitvahle sites as cleaving such a site modifier die mass by reducing the length of ihe 
extension product. As used in this contcxi. modified or mmsiandard bases are 
generally understood to include bases not found in J.Ti'NR locus Ranking the DTNR 

1 5 sequence of the sample or target nucleic arid. 



BRIEF DESCRIPTION OF THE D RAWINGS 



FIG* 1 is a mass spectrum of an allelic ladder from Ihc lyrosine hydroxylase 
20 gene ("TH01 ,r j. Most of the common alleles Tor this STR marker (alleles 5* 6, 7, 8 : 9, 
9 J, and 10) can be seen. Alleles 9.3 and 10 differ by a single nucleotide while the 
other alleles arc separated by four bases. 

FIG. 2 displays mass spectra for several samples from the TPOX locus. 1 he 
top spectrum is an allelic ladder containing alleles ranging from 6 to 1 3 repeats while 
25 the other spectra show the isolation of various alleles for this locus. 

FIG. 3 A displays the mass spectrum Tor the CSF1PO Imm 
FIG. 3B displays the mass spectrum for die D3S1358 locus. 
FIG. 3C displays the mass spectrum for die D5S* 1 X locus. 
FIG. JD displays the mass spccirum for the D7SK20 locus. 
30 FIG. 3E displays the mass spectrum for the D8S 1 179 locus. 
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FIG. XV displays the mass spectrum tor the D1 3S317 locus. 

FIG. 3G displays ihe mass spectrum for the D16S539 locus. 

FIG. 3K displays die mass spectrum for the M\ 8S51 locus. 

FIG. 31 displays the mass spectrum for the D21 S11 lows, 
5 FIG. 3J displays the mass spectrum for the DYSI9 locus. 

Jh'lG. 3K displays the mass spectrum for Ihe F13A1 locus. 

FIG. 3L displays ihe muss spectrum for the FES/fi'S locus, 

FIG. 3M displays the mam spcelnim tor the VGA locus, 

FIG. 3N display* iho mass spectrum for the I1PRTB locus. 
1 0 FIG. 30 displays the rrui^s spectrum tor the THO 1 locus. 

F1G, 3F displays die mass spectrum for the TPOX locus. 

FIG. 4 is a simulated multiplex STR analysis of alleles with overlapping size 
ranges, This diagram depicts the expected masses far known alleles of TPOX aud 

•raw. 

1 5 FIG. 5 arc mass spectra of mixtures of TJ 101 and TPOX allelic ladders. Using 

the primer sequences for THOI (SEQ ID NO.:29 and SEQ ID NO.:30) arid TPOX 
(SEQ ID NO.:3 1 and SEQ ID NO.:32}, alleles between !hc different STR systems 
differ by only 120 Dalions (top spectrum). By adding two nucleotides to the S'-end of 
the reverse primer for 1POX (SCO ID K().:32). the TPOX allele musses arc increased 
20 by - 600 Daltons, making them easier to resolve. 

FIG. 6 is a simulated multiplex STR analysis depicting the expected masses 
for D16S539 and D7S820 known alleles. Even with different repeat sequences, all 
known alkies may be resolved by mass spectroscopy. 

FIG. 7A shows the chemical formula for J-deox^ymidineoXSh 
25 phosphorothioate. 

FIG. 7B shows die chemical formula for r-deoxythymidirje-S'^S)- 
pho5fhorothioate. 

FIG. 8A shows the expected allele sizes for CTT multiplex analyses. The 
CTT mulliplcx is directed to the three STR toci CSHPO, TPOX, and TH01. 
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TIG, 8B iiiiistrates the results of the analysis of u sample using the CTT 
multiplex, The sample h shown to conutin a homozygous TPOX allele 
hecenteygous IHOI alleles 6 and 93, and a homozygous CJJF1 P() allele 12, 

5 DESCRIPTION OF II JUL -STRATI VE TMBODIMKN TS 



The present invention Focuses on a mass spectrometric method of multiplexing 
the analysis of Nucleic acid extension products which overlap in mass derived from 
UNA nucleotide repeal L>ci, For example, lo resolve all possible alleles of the 

1 0 DTNRs being analyzed the masses of the Tsuclrie acid extension products from two or 
more DTNR markers may be offset from one anotlter so that any (wo possible alleles 
(or any two possible common alleles) do not overlap in mass within the mass 
resolution of the mass spectrometer, yet the ranges of die possible alleles do overlap. 
Within the overlapping mass range, defined m 1hs mass range held b eonnnon by two 

\ 5 loci with defined allele size ranges, the DTNR marker may be ofiset from one another 
by some fraction of the mass of the sequence repeal unit, e.g. for tctranucleotide 
DTNR markers mas* offsets less than four nucleotide. Tut dimicleotide DTNR* mass 
offsets less than 2 nucleotides. Other types? of ofiset, such as may be found when 
multiplexing dinuclcotide repeat loci with tetranucleotide or complex nucleotide 

20 repeat loci, will be apparent to one skilled in the art. 

This approach overcomes Ihe TOF-MS limitations for size partiuoraog, where 
the PCR™ product for the ailele range of two or more sets of possible loci do not 
overlap, by taking advantage of the high mass accuracy associated with mass 
spectroscopy within the high resolution mass range (below -1 60 nucleotides in size). 

25 Although this method is cunently most useful for oligonucleotides below - 1 60 

nucleotides, this size is a function of the number of nucleotides in the repeat as well as 
the resolution of the mass spectroscopic method. Therefore, larger oligonucleotides 
arc also useful with the present invention, particularly where larger repeat sequences 
(tetni- vs. dinuclcotides) or as advances in mass spectroscopy allow for greater mas* 

30 resolution in higher mass range*. 
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This multiplexing method involve ihe design of specific primers thai produce 
Nucleic acid extension products for a first locus with defined allele mass values. The 
primers for the second locus are ihca chosen so that while the mass ranyc for the 
different alleles overlaps with the mass range tor the first locus, the specific allele 

5 mass values differ from those of the first locus and therefore cun be uoiqitcly resolved 
by TOF-MS. The identity of each allele, defined by the specific Nucleic acid 
extension product* being characterized, is uniquely determined using the high 
accuracy molecular mass values provided by TOF-MS. In contrast, gel-based 
methods tin; not capable of providing accurate mass values for uniquely identifying 

1 0 each product within a multiplexed, allelically interleaved mixiure of Nucleic acid 
extension products. The basic limits for this multiplexing tnclhod are defined by the 
ability to resolve all possible, or nil common. Nucleic acid extension products within 
a mixture. Potentially as many as 10 different loci might be interleaved and flilly 
resolved. 

15 The invention further relates u> primers designed lo characterize 33 T)N X \ 

repeat markers useful for human identity testing. Applications include forensic and 
paternity testing as well as genetic mapping studies. These DTNR markers are useful 
m PCR™ amplification, preferably as pairs of oligonucleotide prinicrs, and in other 
methods of primer extension may be used as single primers, the extension products of 

20 which may he accurately detected by mass spectrometry as they aie smaller than ihosc 
used previously whh etectrophorcste separation methods. 

These new oligonucleotide primers are designed Ui mulch a portion of the 
flanking regions for DTNR loci consisting of: CSF1PO, D3S1 358, DSS81R, D7S820, 
D8S1179,D13S317, D16S539, D18S51, D2IS11, DYS19.FIJA1, FE8/FPS, FGA, 

25 HPRTB, '11101 . TPOX\ DYS38*, DYS39L DYS392, DYS393, D2S1 391, D18S535, 
D2S1338,D19S433 t D6S477, D1S51X, D14S306, D22S684, F13B t CTM, D12S391, 
D10S220 and D7S523. With ihe exception of D3S1358, sequences for the STR ioci 
of this invention are accessible to the general public through GcuBank using die 
accession numbers lifted in Tabic 1. 'Ihe sequence ID Numbers given in Tabic 1 

30 correspond to the DNA sequence of the DNA tandem repeat regions of each locus and 
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its flanking regions. Flanking sequences further from the D1NR region could easily 
be obtained by one of skill iu the art by accessing the GenBank listings. FIGS- 3A-3P 
display mass spectra for each of Ihe STR loci listed in TABLE I. H will be apparent 
U) one skilled in die art that small variation of these primers will also serve effectively, 
5 far example, adding or deleting one or a few bases from the primer and/or shifting the 
position rclalive to the template sequence by one or a few bases. 

Hie us>o of » hybridization probe of about 14-25 nucleotides in length allow* 
tin: formation of a duplex molecule that is both stable and selective. Molecules 
leaving contiguous complementary sequences over stretches greater than 1 4 bases in 
10 length are generally preferred, though, in order to increase stability and selectivity of 
the hybrid, and thereby improve tin- quality and degree of specific hybrid molecules 
obtained. One will generally prefer to design nucleic acid molecules having gene- 
complemcntary stretches of J 5 to 25 contiguous nucleotides, or even longer when: 
desired. 

1 5 Hybridization probes may be selected from any portion of any of the 

sequences disclosed herein. All that is required is to review the primer sequences set 
forth in Table I or u> any continuous portion of the sequence as in the DTNR loci, 
whose locus sequence ID numbers arc listed in Table 1 or any olhcr DTNR locus, 
from about 14-25 nucleotides in length up to and including the mil length sequence, 

2U that one wishes to utilize us a probe or primer. The choice of probe and primer 
sequences may be governed by various factors known to those of skill in the art 

Ihe process of selecting and preparing a nucleic acid segment that includes a 
contiguous sequence from within die DTNR loci, whose locus sequence ID numbers 
are listed in Tuble 1 or any other DTNR locus, may alternatively be described as 

25 preparing a nucleic acid fragment Of course, fragments may also be obtained by 
other techniques such a% x.g. y by mechanical shearing or by restriction enzyme 
digestion. Small nucleic acid segments or .fragments may h\i readily prepared by, for 
example, directly synthesizing the fragment by chemical means, as is commonly 
practiced using an automated oligonucleotide synthesizer. Also, fragments may be 

30 obtained by application of nucleic acid reproduction technology, such as the PCR™ 
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technology <>r U. S. Patent 4,683202 {incorporated herein by reference), by 
inducing selected sequences inio recombinant vectors for recombinant production, 
and by other recombinant DNA techniques generally known ta those of skill in the art 
of molecular biology, 

5 Accordingly, the nucleotide sequences or the invention may be chosen for 

their ability lo selectively farm duple* molecules with complementary stretches of the 
flanking regions of DNA nucleotide repeal regions. Depending on the application 
envisioned, one will desire to employ varying conditions of hybridization to achieve 
varying degrees of selectivity of probe towards target sequence. For applications 

10 requiring high selectivity, one will typically desire to employ relatively stringent 
conditions to form the hybrids, e.g.. one will selccl relatively low salt and/or high 
temperaiiiTc conditions, such a* provided by a salt concentration of from about 0.02 \f 
to about 0. 1 5 M sail »t temperatures of from about 50 n C to about 70°C. Such 
selcelivc conditions tolerate little, if any. mismatch be! ween the probe and the 

1 5 template or target sitund. 

Of course, for some applications, less stringent (reduced stringency) 
hybridization conditions will be tolerated by the primer extension system in order to 
allow diffidently specific formation of the hetercduplex of primer and target DNA. 
In these circumstances, one may desire to employ salt conditions such as those of 

20 ftom nbout 0. 15 M to about 0.9 M salt, at temperatures ranging from about 20°C k> 
about 55°C. Crass-hybridLring species can thereby be readily identified as positively 
hybridizing signals with respect to control hybridizations. In any case, it is generally 
appreciated that conditions can be rendered roorc stringent by the addition of 
increasing amounts of formnmide, which serves to destabilize the hybrid duplex in the 

25 same manner as increased tcrnperature. Thus, hybridization conditions ewn be readily 
manipulated Ui ensure that a primer sequence will yield extension product mainly 
from the desired target DTNR locus. 
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At leaai one of the primer* in each locua-j>|>ecific p<iir contains a biotin moiety 
at the 5* -end and a phosphorothioaie linkage attached id a T near Lhc 3'-end for a 
capture and release assay using sareptavidin-cuaLeu magnetic beads (PCT Patent 
Application Ko. WO 96/37630). Although many of the speciiic primers of the present 
5 invention are designed for use iu such a capture and release assay, such primers need 
not contain either solid-nirirtiuy or cleavable sites, or may cfttiuriu any combination of 
them. 

The purpose of such an assay is to increase mass resolution by (1 ) allowing for 
"hi«hcr purities of tlie nucleic acid extension product and (2) decreasing the size of Ihe 
10 nucleic acid extension product. Binding to a scinrl support fulfills die first goal by 
allowing tor stringent washes and removiug tlie complementary strand of the DNA 
which provides cumulative information and complicates the mass spectra decreasing 
Ihe resolution. 

this assay may be used to isolate sinyle-stntnded or double-stranded amplified 

1 S target nucleic acids. Typically, at lertst one strand of ao amplified target nucleic acid 
h bound U> a solid support no permit rigorous washing and concomitant removal of 
salt adducts, unwanted oligonucleotides and enzymes. Hither a double-stranded 
amplified target nucleic acid <ir a single-stranded amplified target nucleic acid may be 
isolated tor mass spcctiometric analysis depending upon the stringency of the wash. 

20 The single-stranded amplified target nucleic acid analyzed may be either the strand 
bound or not bound to the solid support. If the unbound strand is used for MS 
analysis, it is purified by first washing the bound strand and its attached complement 
under conditions not sufficiently rigorous lo disrupt the strand. After unwanted 
bio molecules md salts are removed, the complement can then be released under more 

25 rigorous conditions. Cleuvable linkers or cleavable primers may then be used to 
release the bound strands from the solid support prior to MS analysis. 

The second goal is met by having cleavable sites in Ihe primer. Such 
cleavable sites also eliminate unnecessary sequences and allow for the use of a capture 
and release assay and for printer modification for the interleaving multiplexing 

30 method, described herein. For example, moving the cleavable site along the primer 
backbone directly modifies ihe mass of the PCR™ product The cleavable site is 
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typically introduced via a cleavable primer und tlie cleavablc site is located outside of 
the region of interest. CleavaMe primers may include those comprising an 
exonuciease blocking moiety, a Type US restriction cndonuclease recognition site, 
and a Type 11 restriction cndonucleasc rccognitioti site. 

5 The turret nucleic acid* may, thus, be reduced in length by nay of the methods 

known that will cleave within one or more flanking Tegions preferably without 
cleaving within the region of interest. Exemplary methods of reducing length include: 
cleaving at endogenous restriction endnnucloase cleavable aito present in one or more 
flanking region* but absent in the Tegion of interest; cloving at restriction 

10 cndonuclease cleavablc sites at or adjacent to restriction cndonuclease recognition 
sites incorporated into one or more flanking regions by use of one or more clcavable 
primers comprising said restriction cndonuclease recognition sites: cleaving at a 
combination of restriction cndonuclease clcavable sites wherein the site* arc 
endogenous an&'or introduced using mismatch or overhanging primers; and selective 

1 5 digestion of one or more flanking region* using exonuciease and an exonuciease 
blocking moiety \n protect die regions of interest from digestion. 

The restriction endmweieases employed with the present invention include 
type 11 and type TIS restriction endonucleaacs. The restriction cndonuclease 
recognition sites may ha either within a primer region, or outside the primer region, so 

20 long as the restriction endonuclease cleavablc sites are within one or more flanking 
regions and preferably not within a region of ituerc* I . F or type 11 restriction 
endonucleasest the restriction codonttclcasc recognition fcile \$ the same as the 
restriction endonuclease cleavablc site. Tor Type US restriction endonucleases, the 
clcavable she is al a defined distance away from one side of the recognition site. 

25 Another embodiment of die invention involves using a cleavable primer 

having an exonuciease blocking moiety. After amplification of the target nucleic acid, 
the amplified target nucleic acid will include an exonuciease blocking moiety. The 
amplified target nucleic acid is then treated with a 5' to 3 r exonuciease, which 
degrades the strand containing the caconuclea.se blocking moiety in a 5* lo 3 r direction 

30 only up lo the blocking imricty. The 5 r to 3' exonuciease may optionally degrade the 
other complementary strand of the amplifiod target nucleic acid, in eases where the 
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other strand dues not liave an cxonuclcasc blocking moiety. The treatment with the 5' 
to y exonucleasc leaves a reduced length, smgle-.sinmdcd amplified isrqret nucleic 
acid for mass spectrometric analysis, 

Cleavahle sites may also include chemically cleavahle groups incorporated 
t 5 within the phosphate backbone linkage (e.g. replacement of phosphate with a 

phosphoramidate) or us a substituent on or replacement of one of the buses or sugars 
of the oligonucleotide primer (e.g. a modified base or sugar, fur example, a more 
labile glycoside linkage). Such chemically cleavahle groups would be apparent to 
* one of skill in the art in light of the present disclosure and include, for example, 
10 dialkoxysilane, 3HS)-phosphorothioatc 1 5H$)-phosplmrothioate. 3'-(K)- 

phosphoroamidatc. yKN^hosphoroamidate, and ribose. FIGS. 16A and 16ft depict 
a .^-(SVphosphorothioaie and ^'-(Sj-phosphorothioatc, respectively as defined in this 
invention. Noic lhal these linkages are often referred to as thiophosphates as weiL A 
similar nomenclature is employed for j-CN^phosphORiHmidate. 5H» 
1 5 phosjrfioroamidaic. The chemically cleavahle site iihould generally be sable under the 
amplification, hybridisation and washing conditions to be employed and is preferably 
within one ot more of the flanking regions. 

In a preferred embodiment, the cleavahle site is located near the 3' end of the 
primer used U> bind rJte amplified target nucleic acid to the solid support. By iocating 
20 the cleavahle site new the 3' end, ii i* possible to further reduce the length of the 
amplified target nucleic acid, eliminating a flanking region from the polynucleotide 
region of interest. Cleavable primers are described in PCTAJS96/06 11 6, filed April 
26, 1996 (incorporated herein by reference). 

The primer pairs described in this invention may be combined to generate 
25 overlapping PCR™ product sizes which are all distinguishable by mass. 

EXAMPLE 1 

j» CK CONDITIONS FOR MULTIPLE XING DTNR RRgtn.T g 
Template: 5 id, 1 :t000 dilution of AmpFlSTR Green I Allelic Ladders (PE 
30 Applied Biosystems; contain* common alkies from die STR loci CSF 1 PO, TPOX 
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and TH01 and the scx-lyping marker amelogentn): Tor regular samples, 2-5 uL of 1-10 
ng of human genomic DtvA was added u> the PCR reaction. 

Reaction Mix: 20 uL reaction with IX STK buffer (Promcga; contains ] .5 
mM MgCU 200 uM dNTPs, etc.}, 1 T.I Taq polymerase (Promcga), 20 pmyl forward 
5 and reverse primers with one of them being a primer containing a biotin moid y on the 
5"-end and a thiodiymine residue near the ,V-cdU of the oligonucleotide. 

Thermal Cycling: In 0.2 mL tubes in art MJ Research DNA Engine (block 
temperature) 94 C C for 2 min: 35 cycles; 94 "C for 30 .see, 60 "C for 30 see. 72 ft C tor 
30 sec; 72 °C for 5 min. 

10 

E XAMPLE 2 

SAMPLE PURIFICATI ON KQR MULTl FLKX1NC DTNR RESUL TS 

A typical binding/washing protocol for purifying samples for DTNR 
1 5 multiplexing iacltixbs the following steps: 

a) Wash 10 uL stn^vi din-coated magnetic beads with 2X binding/wash 

buffer 

b) Repeat a second lime 

c) Add S ul . 5X binding/wash buffer then add -19 uL of PCR sample to the 
20 beads (1 uL was removed Tor an agarose gel check) and vortex sample tube for 1 5 min 

at slow speed 

d) Wash beads wilh 30 uL or2X binding/wash buffer 
c) Wash beads with 30 uL of 0,1 K NaOH 

£) Add 30 uL of 0.1 N NaOl I and vorlex for 10 min at slow speed 
25 g) Wash bead* with 30 ul . of 0. 1 N NaOH 

h) Wash beads with 30 aL oP20 mM ammonium acetate 

i) Repeat step (h) five times 

j) Wash beads with dcionized ^-aicr 
k) Repeal stcp<j) twice 
30 ftote after cadi step, the supernatant Ls removed while the beads are 

magnetically held in die bottom of the tube. 
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After puiilicaiion the solid bound strands were released by cleaving at ihc 
chemically cleavablc thiophosphate site by rtic following procedure: 7 ul . of 0, 1 uiM 
silver niuale was added and the samples were incubated at 48 n C for 15 min.; the 
supernatant was then transferred to a cicao lube and 2 uL of 70 mM DTI was added; 
5 and finally the simple was dried in a speed vacuum. For mixed samples the preceding 
protocol was modified in that aliquols of the samples (eg., ? uL T1I0J ladder- 3 uL 
TPOX ladder) were mixed before die drying step. 

EXAMPLE 3 

MS ANA LYSIS FOR MULTIPLEXING TVTNK RESU LTS 

The matrix consisted of a 5: 1 molar Tatio of 3-hydroxypieolimc acid (3-HPA; 
r .ancestor Synthesis) to pieolinic acid (PA; AldricM and was prepared by mixing 1 8 
uL of a freshly prepared saturated 3-1 TP A solution (-0.5 M) with 2 iiL of 1 M PA 
The sample to be analyzed was reconsiiiuied in 0.5 uL of the mairix and 
manually spuUed on the sample plate. 

The instrument condition* employed with a. linear lime-of-flighi mass 
spectrometer consisted of the following: aeceleration voltage of +20 kV: delay of +3.6 
kV all .12 usee; laser setting of 1 79 on the polarizer; muss gate of 5.84 usee; and 400 
shots. A 2-point mass cal ibratioti with a ) 5-*ner (4507.0 Da) and a 36-mer (1 0998.2 
Da) was employed. 

E XAMPLE 4 

Oligonucleotide primers are lypically prepared by the phosphoromidite 
approach. In this automated, solid-phase procedure, each nucleotide is Individually 
25 added to the 5 f -end of the growing oligonucleotide chain, which h in turn attached at 
the 3'-end to a solid support The added nucleotides are in the form of divalent 3'- 
phosphoiamidites Uiai are protected from polymerization by a dimcthoxytrity] 
CDMT*) group at the 5-position. AQer base induced phosphoramiditc coupling, mild 
oxidation u> give a pentavalent phospholri ester intermediate and DMT removal 
30 provides a new site tor oligonucleotide elongation. Tltcsc syntheses may he 

performed on a Pcrkin Elmer/Applied Biosystems Division DNA synthesizer. Ihe 
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oligonucleotide primers are then cleaved a IT the solid support, and the phosphodiester 
and exocyclic ammo groups are deprotected with ammonium hydroxide. 

The biotin. and T- awl 5'- (S) phosphorothioatc linkages arc also prepared in 
an automated fashion from phosphorumiditc intermediates using similar procedure* 
5 and either modi (led bases or activated and protected linker molecule*. 

EXAMPLE 5 
1 WO STAGE MULTIPLEXING REACTION; 
OUTSIDE PRIMERS KOR HIGHER LEVE L MULTIPLEX FOLLOWED RV 
10 SINGLE DDN TERMIN ATION 

A triplex PCR reaction was run with 10-ng human genomic DXA Icmplate in 
a 20-uL PCK reaction. Primers specific for ihu three STR toci CSF1PO, TPOX, and 
IH01 were used as described by \ lwnv> at al These primers produce larger sized 

1 5 PCR products lhan the primers listed in this patent and the primer sequences from 
Table 1 for these three STR loci are within the product region. 

Multiplex PCR components: 20 jiL n*aion containing 1.5X Taq buffer 1 1 (PE 
Applied niosy*icm$) ; 20i) jiM dNTPs, 1.5 mM MgCl 2 , 1 U AmpliTaq Gold (PE 
Applied Biosyscems). 0.5 uM each primer 

20 Thermal cycling was performed in 0.2 mL tubes using an MJ Research DN A 

JBugine (calculated temperature) with the following cycling parameters: 95 *C tor 1 1 
mm; 40 cycles: 94 X for 30 sec, 64 X for 30 sec, 6S °C Tor 45 sec; 70 X for 10 min. 

Following PCR, the sample was treated with shrimp-alkaline phosphatase 
(SAP) to hydrolyya; the unincorporated dNTPs. Typically, I U SAP was added to 

25 each 20 jiL PCR sample. The sample was then incubated at 37 X for 60 minutes 
followed by heating at 75 X for 15 minutes. 

A multiplexed primer extension assay was then performed using cleavable 
primers for the three STR loci. 1 he reaction included three regular deoxy nucleotide 
triphosphates (dKTP) to allow incorporation through the STR repeal region and a 

30 single dideoxjuueleotide triphosphate (ddNTP) u> halt extension (see Bnum, et al). 
The rcrmiTuUkm by the ddNTP shortened the measured STR allele. 
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Multiplexed primer extrusion reaction components: 20 |iL reacuon containing 
IX TaqPS buffer (PR Applied Biosystcms), 2A I; TaqFS, 200 jiM dGTP. 200 \xM 
dATP, 200 uNi dTTP, 400 \xM ddCTP, 40 pinol CSFIPO primer (S>EQ CD XO:100), 
20 pxuol TPOX (SEQ TD >0:3 1), 20 pmol TH01 (SEQ TD NO: 1 03), and 2 UL SAP- 
5 treated PCX product (as described above). 

Thermal cycling tor extension reaction was performed in 0.2 mL lubes using 
an MJ Research DNA Engine (calculated temperature) with ihc following cycling 
parameters; 95 "C for 2 min; 30 cycles: <)4 Xl for 30 sec, 55 X for 30 sec, 72 °C for 
* 45 sec; 60 °C far 5 mux The resultant product was purified and analyzed as detailed 
10 in the examples above. 

As seen in Figure 8A, die possible alleles including mlenivariants. such tts 
TH01 9.3 t are resol vable from one another in all three S I R systems even though they 
overlap in Ihc mass range. Figure 8B illustrates a result with Ibis particular S t*R 
multiplex. The sample contains a homozygous TPOX allele 8, heterozygous TH01 
1 5 alleles 6 and 9.3 , and a homozygous CSH PO allele 1 2. In this particular case, Ihc 
strand containing an AATG or ATA<i repeat was used in all three STR ioci so that the 
same didcoxynucleotidc Iriphoshate (ddC) could be used to terminate the strand on the 
opposite side of lb* repeat from the cleavable primer. After the extension reaction 
with ihc ddNTP and the cleavage reaction, the repeal region unci only a flanking few 
20 bases on ciilicr side of the repeal are present for the three STR loci. Mass accuracy as 
well us resolution and sensitivity are improved in the muss spectrometer by going to 
smaller sizes for the STR alleles using ibis approach. 

EXAMPLE 6 

25 TWO STAGE MULl'IPLEXtNG RFACTION: 

OUTSIDE PRIMERS FOR HIGHER LE VEL MULTIPLEX FOLL OWED BY 
iilS PRIMERS IN LOWER LEVEL Mill TiPLEX THAT PRODUCE 
SMALLER PGR PRODUCTS 



30 In a situation where there is a small or limited amount of DNA template 

available, a highly multiplexed PCR reaction may be performed initially followed by 
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a second stage PCR with primers that are interior (i.c, closer to the repeat region.) than 
those contained in ihc first multiple* ("nested PCR")- The first multiplex could 
include. Tot example, 8-14 STRloci that ate PCK-amplified simultaneously. Aiiquols 
of these amplieons could then be divided and rcamplified in a second PCR reaction 

5 with primers for a subset of the STR loci already amplified, Por example, six duplex 
reactions or four triplexes with mass spectroscopy primers could be performed to 
measure all of the STR loci in an initial 12-plcx reaction. Primers used in these 
duplexes could he from those Haled in Table J . Provided Lhat the primers for the first 
slagc multiplex are outside (or at least identical to) the second stage primer sets, this 

10 approach will work for any PCR-compatiblc primers. 

The advantage of the nested PCR approach is thai a SAP-treatment is not 
required (as in Hxample 5) before the second stage reaction as dVfTs are used. 
However, measured STR alleles will be longer and thus more challenging to analyse 
in the muss spectrometer lhan STR allele products created with the primer termination 

15 reaction (ddN) approach described above. 



EXAMPLE 7 

FT4 PAPER U SE D IN PCR REACTIONS IN PLACE OF EXTRA CTED ON A 

20 Liquid blood was suiined on an PTA™ Card (Life Technologies, 

GaitherahuTg % MD) and allowed to air-dry Pot 1 hour. A small portion of blood- 
stained paper was cut out of the crater of die spot and placed in a 0.6 mL lube. An 
aliquot of 50 pL Fl'A n< Purification Reagent (Life Technologies) was added to the 
tube and vortexed for several seconds. The tube was allowed to sit for 5 minutes at 

25 room temperature-, The tube was vortexed again and the liquid in the tube was 

removed. Another aliquot of 50 \xL FTA™ Purification Reagent was added to the 
tube and die vortexing and waiting steps we repealed as described above, The 
FTA 1 M paper was then washed a third time with FTA™ Purification Reagent and then 
washed twice more with dcionized water. After these washes, the liquid was removed 

30 with a pipe! and the FTA™ paper punch was left in the tube to air-dry tor 1 hour. 
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'I lie dried punch was added directly to l*CR amplification mix in place of 
extracted human genomic DNA. PCR was per (twined as described in the other 
examples with no changes lo ampl itlcaiiou conditions or ^agents, No decrease in 
?CR efficiency was observed when the FT A™ piiper was compared to standard K562 
5 human genomic DNA templates. The use of F I A™ paper greatly facilitates the 
automation of DNA typing procedures as extensive UNA extraction is run needed 
from liquid blood samples. 
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WllATfSCIAIMKOlS: 

1 . A method lor analyzing DMA tandem nucleotide repeal alleles at a DN A 
tandem nucleotide repeat locus in u target nucleic acid by mass spectrometry, said 
method comprising 

a) obtaining a target nucleic acid comprising a DNA rand em nuclcutule repeat 
region; 

b J extending the target nucleic acid using one or more primers to obtain a 
5 limited size range of nucleic acid extension panlucts, wherein one or 

more primers arc complememHTy to a sequence flanking the DNA 
tandem nucleotide repeat of said locus; and 
c) delennining the mass of the nucleic acid extension products by mass 
spectrometry. 

2. The melhod of claim 1 , wherein a y end of one or more primers immediately 
10 flanks a DNA tandem nucleotide repeal region. 

3 . The method of claim 1 , wherein one or more primers comprise a sequence 
complementary lo up to one tandem repeal of ihe DNA tandem nucleotide repeal 
locus. 

15 

4. The method of claim 3, wherein one or more primers comprise a sequence 
complementary to up to two tandem repeats of the T>NA tandem nucleotide repeat 
locus. 

20 5, The method nf claim 4, wherein one or more primers comprise a sequence 
complementary to op to throe tandem repeats of the DNA tandem nucleotide repeat 
locus. 



6. 



The method of claim I , wherein at least one primer comprises a cleavable site. 
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7, Uhe method of claim 6 % Vrhcruin the cleavable site comprises a recognition site 
tor a rcsiriciion endonucleasc, an exonueleaso blocking site, or a chemically cleavubk 
site. 

8. The method of claim 7 f wherein the cicavable site comprises a chemically 
cleavable siic. 

5 

.9 The method of claim 0. wherein vvhcTcin al least oue primer is capable of 
attaching to a solid support. 



1 0. The method of claim 9> wherein at Icasl one primer comprises biotin or 
10 iliguxigenin. 

1 1 . The method of claim 1 y wherein the extension of at least one primer is 
terminated using a chain Lsnnination reagent. 

1 2. The method of claim 1 2, wherein the chain termination reagent is a 
1 5 dideoxymicleotide triphospate. 

1 3. Thu method of of claim I , wherein the locus is selected from the group 
consisting of CSF1PO, D5S8U5, D7S820, D8SI 179, DIS!^ D16S539, D16S539, 
D1 8S5I, D21S1 1, DYS1 9, F13A L FES/Fl'S, *GA, IIPRTB, TH0l t TPOX, DYS388, 
DYS391, DYS392, DYS393, D2S139I, DUS535, D2S133S, D19S433, D6S477, 

20 D1S51R, D14S306, D22S684.F13B, CD4 t D12S391, D10S220 andD7S523. 

14. The mediod of claim 1 3* wherein two of the primers comprise a pair of 
sequences selected from the yroup consisting of 

a sequence according to SRQ TO NO: I and a sequence uocording to 
SEQlDNO:2; 

a sequence according to SEQ ID NO:3 unci a sequence according to 
SEQ ID NO:4; 
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a sequence according to SfcQ ID NO:5 and a sequence according to 
SEQ1DX0:6: 

a sequence according to SEQ ID KO:7 and a Sequence according to 
SEQIDKOA: 

a sequence according to SEQ II) NO:9 and a sequence according to 
SF.Q ID NO: 10; 

a sequence according to SEQ ID NO:! 1 ami n sequence according lo 
SEQ ID NO: 1 2; 

a. sequence according to SEQ ID NO: 13 and a sequence according to 
SEQ ID NO: 14; 

a sequence according to SEQ IJ ) NO:15 and a sequence according lo 
SEQ IT) NO: i 6: 

a sequence according to SEQ ID NO: 1 7 and a sequence according to 
SEQ ID NO: 18: 

a sequence according to SEQ ID NO: 19 and a sequence according lo 
SEQ ID NO;20; 

a sequence according to SEQ ID NO:21 and a sequence according lo 
SEQIl)NO:22; 

a sequence according to SEQ ID NOS3 and a .sequence according to 
SBQlDNO:24; 

a sequence iiecoiding to SEQ ID N025 and a sequence according to 
SEQlDNO:26; 

a sequence according to SEQ ID \0:27 and a sequence according to 
SEQIDN0:28; 

a sequence according to SEQ ID N029 and a .sequence according to 
SEQ ID NO:30; 

a sequence according to SEQ ID N0:31 and a sequence according to 
SEQTDNO.-32; 

a sequence according to SEQ ID NO:49 and a sequence according to 
SEQIDN0:83; 
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a sequence according w SliQ ID NO:52 and a sequence according to 
SEQIDNO:84; 

a sequence according to SHQ ID NO:54 and a sequence according to 
SF.Q ION 0:85; 

a sequence according in SFQ ID NO: 56 and a sequence according lo 
SEQ1DN0:86; 

a sequence acconiing to SEQ ID \0:5S and a sequence according to 
SF.QIDK0:S7; 

a sequence according to SFQ (D \0:59 and a sequence according to 
SFQ If) NO:88; 

a sequence according to SEQ JD XO:62 and a sequence according lo 
SEQ ID NO;JW; 

a sequence according U> SEQ ID N0:61 and n sequence according to 
SEQ1DNO:90; 

a sequence according to SEQ ID "NO:66 and u sequence according 10 
SEQ1DN0:91; 

a sequence according to SEQ ID NO:67 and a sequence according to 
SEQIDNO:92; 

a sequence according lo SEQ ID N0:7fl and a sequence according to 
SEQIDNO:93; 

a sequence according to SEQ IDNO:72 and u sequence according to 
SFQU)NO:94; 

a sequence according to SF.Q ID NO:74 and a sequence according to 
SEQ ID NO:95; 

a sequence according lo SEQ ID NQ:76 and a sequence according to 
SEQIDN'0:96; 

a sequence according to SEQ ID NO:78 and a sequence according to 
SEQ1DN0:97; 

a sequence according to SHQ ID N0:*0 and a sequence according to 
SEQ1DM0:98; 
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a sequence according lo SliQ ID NO:66 and a sequence according U> 
SEQIDNO:99; 

a sequence according to SCQ lDNO:"i > and a sequence according to 
SEQL)NO:l()0and 

a sequence according to SRQ JD NO: I fl I and a sequence according to 
SEQ IDNO:103. 

1 5. The method of claim 14. wherein more tluin one target nucleic acid is extended 
to produce more than one nucleic acid extension product. 

16. The method of claim 15 % wherein ibe mass of more than one DMA mndem 
nucleotide repeat allele ai nw than one DN A. umdem nucleotide repeat loci ai-c 
determined simultaneously. 

17. Tlie method of claim J6 ? wherein the DNA tandem nucleotide repeat loci have 
overlapping allelic mass ranges. 

1 8. The method of claim J7. wherein the nucleic acid extension products have 
interleaving mass spectral peaks. 

1 9. 'lie method of claim 1 7, wherein al least one nucleic acid extension produci 
contains a mass modified nucleotide. 

20. The method of claim 17, wherein the length of at least one nucleic add 
extension product is reduced by cleaving the nucleic *4cid extension product at a 
clcavable site. 

2 1 . The method of claim 20, wherein ihe cleavable site comprises a restriction 
endonuclcasc cleavage site, an cxonucleasc blocking site, or a chemically cleavable 
group. 
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22. The method f claim 2 1 , wherein ihe clcavable site comprises a recognition 
sire tor a restriction endonuclcasc. 

23. The method of claim 21, wherein the cleavable site comprises an exonuclcase 
5 blocking site. 

24. The method of claim 2 1 ♦ wherein the cJeavablo yiie comprises a chemically 
clcuvablc site. 

1 0 25. The method of claim 20, wherein wherein the first primer is cabbie of 
attaching lo a solid support. 

26. The method of claim 25, wherein ihu first primer comprises bioti n or 
digoxigenin. 

27. A method for multiplexing the identification of more than one DNA tandem 
15 nucleotide repeat region from more than one DNA tandem nucleotide repeal loci, 

comprising: 

obtaining more than one nucleic acid extension product by extending one or 
more primers complementary to sequences flanking the DNA tandem 
nucleotide repeat region, and: 
20 determining the masses of more than one nucleic add extension product 

simultaneously by mass spectrometry, 
wherein the nucleic acid extension products have overlapping allelic mass ranges. 

28. The method of claim 27, wherein a .V end of one or more primers immediately 
25 flanks a DNA tandem nucleotide repeat region. 

29. 'llie method of claim 27. wherein one or more primers comprise a sequence 
complementary to up to one tandem repeal of the DNA Usndem nucleotide repeat 
locus. 
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30. ilie method of claim 29, wherein one oi more primers comprise a sequence 
complementary to up to two tandem repeats or ilic UNA tandem nucleotide repeat 
locus. 

5 

3 1 . The method of claim 30, wherein one or more primers comprise a sequence 
complementary to up to three tandem repeats of the DMA tandem nucleotide repeat 
locus. 

10 32. The method of claim 27, wherein the extension of at least one primer ist 
terminated using a chain termination reagent. 

33. The method of claim 32, wherein the chain termination reagent is u 
dideoxynuefcotide triphospalc, 

15 

34. The method of claim 32, wherein at least one target nucleic acid extension 
product contains a mass modifying iroup. 

35. The method of claim 3'1 , wherein the mass modifying group comprises a mass 
20 modified nucleotide. 

36. The method of claim 34, wherein the mass modifying group coi nprises a 
nonstandard deoxyritaonueleolide. 

37. The method uf claim 27, wherein the cleavahle site comprises a nxognitiou 
siu: for a restriction cndonuclease, an cxunuclease blocking site, or a chemically 
cleavablc site. 

25 

38. The method of clai m 37, wherein the dcavable site comprises a recognition 
site for a restriction endonuclea.se. 
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39. The method of claim 37, wherein the cloivobJe site comprises an exonudeaae 
blocking site. 

40. The method of claim 37, wherein the elcavable site comprise?* a chemically 
5 cleavablesite. 

41. The method of claim 34, wherein the mass modifying group is incorporated 
during extension uf liie nucJeic acid extension product. 

* 42- The method of claim 34, wherein the mass modifying group is incorporated 
10 after extension of the nucleic acid extension product. 

43. A method for multiplexing the identification of mere than one DN A tandem 
nucleotide repeat region from more than one DNA Umdem nucleotide repeat loci, 
comprising: 

1 5 obtai ning more than one nucleic acid amplification product by amplifying two 

ox more primers complementary to sequences flanking the UNA tandem 
nucleotide repeat region; sind 

determining the masses of more than one nuclcie acid amplification product 
simultaneously by mass speutromeiry, 
20 wherein the nucleic acid extension products liavc overlapping allelic mass ranges. 

44- The method of claim 27, wherein a 3" end of one or more primers immediately 
flanks a DMA tandem nucleotide repeat region. 

25 45. The method of claim 27» wherein one or more primers comprise a sequence 
complementary to up to one tandem repeat of tlie DMA tandem nucleotide repeat 

lueus;. 

46. The method of claim 45, wherein one or more primers comprise a sequence 
30 complementary to up to two tandem repeals of the DNA tandem ti ucleotide repeat 
lueus. 
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47. The method of claim 46, wherein one or more primers comprise a sequence 
complementary to up to three tandem repeals of the DN A tandem nucleotide repeat 
locus. 

5 

48. The method of claim 27, wherein at least one tarpei. nucJeic acid amplification 
product conLums n mass modifying group. 

49. The mediod of chum 34, wherein the mass modi tying group comprises a mass 
10 modified nucleotide. 

50. 'I he method of claim 34, wherein ihe mass modifying group comprises a 
nonstandard deoxyribomieleotide. 

51. The method of claim 27, wherein the eleuvabie site compri$es a recognition 
sk\i for a restriction endotiuelease, an exonucJease blocking site, or a chemically 
cleavoble site. 

15 

52. The mcihod of claim 37, wherein the clcuvable site comprises a recognition 
site for a restriction endonnclease. 

53. The method of claim 37, wherein the cleavabJe site comprises an exonuelease 
20 blocking site. 

54. The method of claim 37, wherein the oieavable site comprises a chcr nically 
cleavable site. 

25 55. The mediod of claim 34, wherein the mass modifying group is incorporated 
during amplification. 
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56. The method of claim 34. wherein the mass modifying group ib incorporated 
after amplification. 

57. A kit for analyzing alleles of a DNA modem nucleotide repeal Jocus in a targci 
5 nucleic acid by mass spectrometry, comprising 

a first primer complementary to a sequence flanking a DNA tandem nucleotide 

repeat region of said locus, and 
a second primer complementary to a sequence flanking a DNA landem 
nucleotide repeat region of said locus. 
10 wherein ihe first primer and second primer arc used to generals a limited size range of 
nucleic acid products for analysis by mass spectrometry. 

58. The method of claim 57. wherein a V end of one or mow primers immediately 
flanks a DKA tandem nucleotide repeal region. 

15 59. The method of claim 57, wherein a 3* end of one or more primers immediately 
flank a DNA tfindem nucleotide repeat region. 

60. The kit of claim 57, wherein at least one of the first primer or the second 
primer comprise a sequence complementary to up to one tandem repeat oflhe DNA 

20 ouidem nucleotide repeat locus. 

61 . The kit ofctaun 57, wherein at least one of the first primer or the second 
primer comprise a sequence complementary to up to wo tandem repeats of the DNA 
tandem nucleotide repeal locu^ 

25 

62. The kit of claim 57, wherein at least one of the first primer or the second 
prima: comprise a sequence complementary to up to three tandem repeats of the DNA 
tandem nucleotide repeal locus- 



63. The kit of claim 57, wherein the first primer comprises a cleavahie site. 
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64. The kil of cfcuin 63, wherein the clcavable .site comprises a recognition site tor 
it restriction endtmuclease, an cxomiclease blocking site, or a clinically clcavable 
site. 

65. The kil of claim 64, wherein the dc&ivable site comprises a recognition site for 
it restriction endonuclcase. 



66. The tit of claim 64, wherein the clcavable site comprises a chemically 
cleavable $itc. 

67. The kit of claim 63, wherein wherein the f"m>t primer is capable of attaching to 
10 a solid support 

68. The kit of claim 67, wherein the first primer comprises biotin or digoxigenin. 

69. The kit of claim 57 wherein the UNA tandem nucleotide repeat iocus is 
.selected from the group consisting of CSriPO, D5S8 1 8, D7SS20, T>8SI 179, 
D13S3I7, D16S539, D16SS39.D18S51, D21S1 l,DYS19. F13A1, FES/HPS. FGA, 
HPRTB/niOl, TPOX, DYS3&8, DYS391.DYS392, DYS393, 11ZS1391, D18S535. 
D2SU3ft, D19S433. D6S477. D1S518, DI4S306, D22S684, F13R, CD4, D32S391, 
D10S220and D7S523. 

70. The kit of claim 69. wherein the first and second primer comprise a pah- of 
sequence* selected tram the group consisting of 

a sequence according to SEQ ID NO: I and a sequence according to 
SEQIDNO:* 

a ^uence according to SFX} ID KO:3 and u tcqiwnce according to 
SF.Q TT>NO:4; 
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a sequence according 10 SEQ ID N*():5 and a sequence according to 
SEQ ID NO:6; 

a sequence according 10 SEQ ID XO:7 and a sequence according to 
SKQlDNO:8; 

a sequence according 10 SEQ ID NO: 0 and a sequence according to 
SEQ IDNO:10; 

a sequence according to SEQ ID NO:1 1 and a sequence according to 
SEQ ID NO: 12; 

a sequence according to SEQ ID NO: 13 and a sequence according to 
SEQIDN0:14; 

a sequence according to SEQ ID NO: 15 and a sequence according 10 
SEQ ID NO; lo; 

a sequence according lo SEQ ID NO: 17 and a sequence according u» 
SEQ ID NO: I R: 

a sequence according to SEQ ID NO: 19 and a sequence according to 
SEQTDNO:20; 

a sequence according Lo SEQ ID N():21 and a sequence according to 
SEQIDNO:22: 

a sequence according to SEQ ID N0:2* and a sequence according to 
SEQ U) NO:24; 

a sequence according Lo SEQ ID NO:25 and a sequence according lo 
SEQ1DN0:26; 

a sequence according to SEQ ID N027 and a sequence according to 
SEQIDNO:28; 

u sequence according to SEQ IDN0:29 and a sequence according to 
SEQ1DNO:30; 

a sequence according to SEQ ID NO:3 1 and a sequence according to 
SEQTDNO:32; 

a sequence according to SEQ ID NO:49 and a sequence according to 
SEQ ID NO: 83; 
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a sequence itccording lo SEQ ID NO:52 and a sequence according to 
SEQlDNO:84; 

a sequence according lo SEQ ID NO:54 and a sequence according to 
SKQIDNO:85; 

a sequence according to SEQ ID NO:56 and a sequence according to 
SFQ ID NO:86; 

a sequence according to SEQ ID NO:58 and a sequence according to 
SEQIDNO:87; 

a sequence according to SEQ ID NO:59 and a sequence according to 
SEQIDNO:88; 

a sequence according to S'EQ ID NO:62 and a sequence according to 
SFQIDNO:89; 

a sequence according to SEQ ID NO:63 and a sequence according to 
SEQ ID NO:90; 

a sequence according to SEQ ID NO:66 and a sequence according to 
SnomNO:91; 

a sequence according to $EQ ID NO:67 and a sequence according to 
SF.Q ID NO:92; 

a sequence according to SEQ ID NO:7fl ami a sequence according to 
SF.Q ID NO:93; 

a sequence according lo SEQ ID N0;?2 and a sequence according to 
8EQIDNO-.94; 

a sequence according to SFQ ID NO:74 and a sequence accordin« to 
SEQIT)NO:95; 

a sequence according to SEQ 1DN076 and a sequence according to 
SEQ ID NO:96; 

a sequence according to SKQ ID NO:78 and a sequence acconjing to 
SFQTDKO:97; 

a sequence according to SFQ ID NO:80 and a sequence according to 
SEQIDKO:98; 
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a sequence according 1o SEQ ID XO:<>6 and a sequence aceording to 
SEQIDN0;99; 

a sequence according to SEQ ID N0:3j and a sequence according to 
SEQIDNOilOOaiul 

a sequence according to SEQ ID NO: 101 and a sequence according to 
SEQ ID NO: 103. 



J\ . A kit for anaiy/nnj; alleles of more than one DMA tandem nucleotide repeal 
locus ill & target nucleic acid by mass spectrometry, comprising 

a plurality of primers, wherein each said primer is complementary to <\ 
5 sequence flanking a DNA Umdem nucleotide repeat region and selected 

to generate a limited size range of nucleic acid products for analysis of 
said locus by mass spectrometry upon exiaisioa 

72. . The method of claim 7 1 1 wherein a 3 * end of one or more primers immediately 
1 0 flanks a DNA tuuUeoi nucleotide repeat region. 



73 . The kit of claim 71 , wherein at least one of the plurality of primers comprises 
a sequence complementary to up to one tandem repeat of Lhe DNA tandem nucleotide 
repeat loci*. 

15 

74. The kit of claim 7 1 , wherein ai least one of the pluraJily of primers comprises 
a sequence complementary to up to two Uindcm repeats of the DNA tandem 
nucleotide repeal locus. 



20 



75. The kit of claim 7 1 ? wherein at least one of die plurality of primers comprises 
a sequence complementary to up to three randem repeats of the DNA tandem 
nucleotide repeal locus. 
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76. ' I be kit of claim 7 1 , wherein the extension of at least one primer is terminated 
using q chain termination reagent. 

77. The lot of claim 7 1 , wherein the chum termination reagent is a 
5 dideoxymiclcoiklc triphospate. 

78. The kit of claim 71 ? wherein at least one of the plurality of primer* comprises 
a cleavable site. 

79. The kit of claim 78, wjierein Use cleavable site comprises a exxo^nition site for 
» restriction endonucleasc, sin exonucleasc blocking site, or a chemically cleavable 
site. 

1 0 80. The kit of claim 79. wherein the cleavable site eomnri ses a recognition site for 
a restriction endnmiclettse. 

8 J . The kit of cluirn 79, wherein the cleavable site comprises a chernieully 
cleavable sile. 

15 

82. ihe kit of claim 78, wherein wherein at leasl one of the plurality of primers is 
capable of at inching io a solid support 

83. The kit of claim 82, wherein at least one of ihe plurality of primers comprises 
hiotin or digoxigenin* 

84. The kit of claim 71 wherein at least one of the DMA tandem nucleotide repeat 
loci i* selected from the group oonasling of CSF I PO ? D5S8 1 8 f D7S820, DRS1 ] 79, 
D 1 3S31 7. D 1 6S5 39, D 16S539. D 1 885 1 , D21 SI 1 , DYS 1 9, F1 1 A 1 , FES/FPS, FGA, 
W>RTB T TH0LTPOX, DY83K, DYS391, DYS392, DYS393, D2S1391, D18S535, 
D2S1338, D19S433, D6S477, D1S518, D14S30G, D22S684, FI3B, CD4, D12S391, 
DlOS220andD7S523. 
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S5. 'Lhe kit f claim 84, wherein iwo of the plurality of primers compri.se a pair of 
sequences selected from the group consisting of 

a sequence according to SEQ 10 N0:1 and a sequence according to 

SEQ TD N0:2; 

a sequence according to SEQ ID N0.1 and a sequence according lo 
SEQlDNO:4; 

a sequence according to SEQ ID N<>5 and a sequence according to 
SEQ ID N0:6; 

a. sequence according to SEQ ID N0:7 and a sequence according lo 
SEQTDNO:K; 

a sequence according ui SEQ ID NO:f> and a sequence according lo 
SEQ ID NO: 10; 

a sequence according to SEQ JD N0:1 1 and a sequence accusing to 
SEQIl>NO:12; 

a sequence according to SEQ ID NO: 13 and a sequence according to 
SEQ IT) NO:14; 

a sequence according to SE-Q JD N0:15 and a sequence according to 
SEQ TD NO: 16; 

a sequence according lo SEQ TD NO:l 7 and a sequence according to 
S£QlDNO:18; 

a sequence according to SEQ TD N0:1 9 and a sequence according to 
SEQIDKO:20; 

a sequence according to SEQ ID NO:21 and a sequence according to 
SEQIDNO:22; 

a sequence according to SEQ IDNO:23 and a sequence according to 
SEQ1DK0:24; 

a sequence according to SEQ ID NO:25 and a sequence according to 
SEQH)NO:26; 

a sequence according to SEQ TDN027 and a sequence according to 
SEQIDX0:2B: 
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a sequence according lo SEQ ID NO:29 and a sequence according to 
SEQTDNO:30; 

a sequence accotding to SEQ ID NO:3 1 and a sequence according to 
SEQIDNO:32: 

a sequence according to SEQ ID NO:49 and a sequence according 10 
SEQIDNO:83; 

a sequence accoriling to SEQ ID NO:52 and a sequence according to 
SEQIDNO:84; 

a sequence according to SEQ ID NO:54 and a sequence according to 
SEQIDN():hS; 

a sequence according to SEQ IDNO:56 and a sequence according lo 
SEQlDNOiRfi; 

a sequence according to SEQ IDNO:58 and a sequence according to 
SEQ IDNO:87; 

a sequence according to SUQ IDN0.59 and a sequence according to 
SEQlDNO:88; 

a sequence according to SEQ TDN0.62 and a sequence according to 
SEQIDNO:89; 

a sequence according to SHQ ID "NO;63 and a sequence according to 
SEQIDNO:90; 

» sequence according to SEQ ID NO:66 and a sequence according to 
SEQ1DNO:91; 

a sequence according to SEQ ID NO:67 and a sequence according to 
SEQlDNO:92; 

a sequence according to SEQ ID NO:70 and a sequence according to 
SEQIDKO:93, 

a sequence according lo SEQ ID NO:72 and a sequence according to 
SEQIDNO:94; 

a sequence according to SFQ ID KO.74 and a sequence according to 
SEQIDNO:95; 
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a sequence uncording to SEQ ID NO:76 and a sequence according to 
SEQ 1DN0:%; 

a sequence according to S.BQ ID XO:78 and a sequence according 10 
SEQTD\0;97; 

a sequence according to SEQ U) NO:80 and a sequence according to 
SEQ IDXOrM; 

a sequence according to SEQ ID XO:66 and a sequence according to 
SliQIDNO:99; 

a sequence according lo SEQ TD N 0:33 and a sequence according u> 
SEQ ID \0: 100 and 

a sequence according to SEQ ID >sO:10l and u sequence according to 
SEQ IT)NO;103. 

86. An oligonucleotide printer comprising a nucleic acid sequence complcnicnliiiy 
lo a sequence llanking a DNA tandem nucleotide repeat region, wherein extension of 
the primer geocralcs nucleic acid products for mass spectral analysis, said nucleic acid 

5 products having 1 0 to 1 00 nucleotides in length. 

87. The method o T claim 86, wlicrcin a 3' end of one or more primers immediately 
flanks a DNA tandem nucleotide repeat region. 

88. The oligonucleotide primer of claim 86, further comprising a sequence 
complementary to tip lo one tandem repeal <>F the DNA tandem nucleotide repeat 

1 0 locus. 



89. The oligonucleotide primer of claim 86, further comprising a sequence 
complementary to up to wo tandem repeat* of Ihc DNA tandem nucleotide repeal 
locus. 



15 
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90. The oli gonuclcotide primer uf claim 86 t iurthcr comprising a sequence 
complementary to up to three tandera repeal* of ihc UNA tandem nucleotide repeat 
locus. 

5 91 . The oligonucleotide primer of claim 86 wherein the Incus h elected from the 
group consisting of CSHPO, D5S818, D7S820, D8S1 179, D13S31 7, D16S53V. 
D16S539, DI8S5L D21S 1 1, DYS19, F13A L TCS/FPS, H3A, HPRTB, TH01. 
TPOX DYS388, DYS391, DYS392, DYS393, D2S139hT)1 88535, D2S1338, 
D19S433, D6S477, DIS518 : D14S306, D22S684, H3B, CD4, D12S391, D10S220 

10 U1KID7S523. 

92. The primer of claim 86, wherein the sequence flanking the TfX A tandem 
nucleotide repeat locus comprises a flunking sequence selected from the group 
consisting of a sequence according to SEQ ID NO . 104. a sequence according to SEQ 
ID NO:105 t a sequence according to SEQ ID NO: 106, a sequence according k> SEQ 
ID NO: 107. a sequence according to SEQ IT) NO: 108, a sequence according to SEQ 
ID NO: 109, a sequence according to SEQ ID NO: 110, a sequence according u> SEQ 
ID NO : 1 1 K a sequence according to SEQ ID NO: 1 12, a sequence according to SEQ 
ID NO; 1 13, a sequence according to SEQ ID NO: 1 14. a sequence according to SEQ 
n>NO:l 15. a sequence according to SEQ ID NO:l 16, a sequence according to SEQ 
ID NO: 1 1 7, a sequtsnee according lo SEQ ID NO: 1 1 8, a sequence according to SEQ 
TT> NO: 1 19 f a sequence according to SEQ ID NO: 120, a sequence according to SEQ 
ID NO: 12 h a sequence according to SEQ ID MO: 1 22 T a sequence according to SEQ 
ID NO: 1 23 . a sequence according to SEQ ID NO; 1 24, a sequence according to SEQ 
ID NO: 125, a sequence according to SEQ ID NO: 126, a sequence according to SEQ 
TD NO: 127, a sequence according to SEQ ID NO: 1 28, a sequence according to SEQ 
ID NO: 129, a sequence according to SEQ ID NO: 1 30, a sequence accorxlmg to SEQ 
ID NO:1 31, a sequence according to SRQ ID NO: 1 32, a sequence according to SEQ 
ID NO: 1 33, a sequence according to SEQ TD NO: 134, and a sequence according to 
SKQlDNO:135. 
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93. The method of claim 92, wherein a 3' end ofmc or more primers immediately 
flanks a DNA tcuulcin nucleotide repeal region. 

94. • The oligonucleotide primer of claim 92, further comprising a sequence 

5 complementary (o up to one tandem repeat of the DNA tsindcm nucleotide repeat 
Locus. 

95. The oligonucleotide primer of claim 92. further comprising a sequence 
^complementary to up to two tandem repeats of the DNA tandem nucleotide repeat 

locus, 

96. The oligonucleotide primer of ciuim 92 t wherein the primer further comprises 
10 a sequence complementary U\ up to three tandem Tcpcats of the DNA tandem 

nucleotide repeat locus. 

97. The oligonucleotide pr imer of claim 86, wherein the oligonucleotide primer 
turther c<?rnprises a cleavahlc bile. 

98. 'Ilie oligonucleotide primer of claim 97 , wherein the cleavablc site comprise* a 
recognition sita for u restriction endonudease, an exonuclcase blocking site, or a 
chemically cleavable site. 

99. The oligonucleotide primer of claim 91 , wherri n the oligonucleotide primer 
comprises a nucleotide sequence selected from the group consisting of a sequence 
according to SEQ ID NO:1, a sequence according u> SEQ ID NOS2, a sequence 
according to SEQ ID NO:3* a sequence according u> SEQ ID NO:4, a sequence 
according to SEQ ID N0;5, a sequence according io SEQ ID NO:6, a sequence 
according to SEQ ID NO:7 t a sequence according to SEQ IT> NO;8, a sequence 
according to SEQ ID NO;9 f a sequence according to SEQ IT> NO; 10* a sequence 
according to SEQ ID NOrtl, a sequence according to SEQ ID NO; 12, a sequence 
according to SEQ ID NO: 13, a sequence according 1o SEQ ID NO:14, a sequence 



WO 99/14373 PCT/IJS98;i957B 

62 

according to SEQIDNO:l5, n sequence according to SEQ ID NO: 16, a sequence 
accoixKnij tu SEQU) NO:17, a sequence according u> $EQ 1DK0;18. a sequence 
according to SEQ ID NO: 19, a sequence acceding to SHQ ID KO50, a sequence 
according to SEQ ID NO:2l, a sequence according to SEQ ID NO:22, a sequence 
according lo SEQ ID NO:23, a sequence according; to SHQ ID XO:24, a sequence 
according to SEQ ID IMO:25, a sequence according lo SEQ ID N0:26, a sequence 
according to SEQ ID NO;27, a sequence according to SEQ TD NO:28, a sequence 
according to SEQ ID NO:29 s a sequence according to SEQ ID KO:30, a sequence 
according to SEQ ID NO:3l f a sequence according lo SEQ ID KO:32, a .sequence; 
according to SEQ ID NO:33. a sequence according to SEQ ID NO;34, a sequence 
according lo SEQ ID NO:35, * sequence according to SEQ ID NO:3fi, a sequence 
according to SF.Q ID NO;37 r a sequence according to SF.Q ID NO;.18, a seouencc 
according to SEQ ID NO:39. a sequence according to SHQ ID NO:40. a sequence 
according to SEQ TD N(.);4l, a sequence according lo SEQ U> NO;42, a sequence 
according to SEQ ID NO:43, a sequence according to SEQ ID NO:44, a sequence 
according to SEQ ID NO:45, a sequence according to RFQ ID NO;46, a sequence 
according to SEQ ID NO:47. a sequence according to SEQ ID NO:48, a sequence 
according to SEQ D> KO;49, a sequence according to SFQ ID NO: 50, a sequence 
according to SEQ ID KQ:51, a sequence according to SEQ ID NO:52, a. sequence 
according u> SEQ ID KO:53. a sequence according lo SEQ ID NO:54, a sequence 
according to SEQ ID NO:55, a sequence according to SEQ ID NO;56. a sequence 
according to SEQ ID NO:57, a sequence according to SEQ ID NO:5R, a sequence 
according to SEQ ID NO:59, a sequence according to SEQ ID NOtfO, a sequence 
according to SEQ ID NO:6l, a sequence according to SEQ ID NO:62, a sequence 
according to SEQ ID NO-.63, a sequence according to SEQ ID NO:64, a sequence 
according to SEQ ID NO:65, a sequence according to SEQ ID NO:66. a sequence 
according to SRQ ID NO:67, a sequence according lo SEQ ID .\'0:68, a sequence 
according to SRQ TD NO:69, a sequence according to SEQ ID NO:70, a Sequence 
according to SEQ IDNO;71. a sequence according to SEQ ID NO:72, a sequence 
according to SEQ ID NO:73, a sequence according to SEQ ID NO:74, a sequence 
according to SEQ ID NO:75. a sequence according to SEQ ID NO:76. a sequence 
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according to SEQ ID XO:77, a sequence according to SFQ ID NO:78, a sequence 
according to SEQ ID XO:79, a sequence according to SEQ ID NO:8(\ a sequence 
according to SFQ ID XO;8 1, a sequence according to SEQ ID NO:X2, a sequence 
according to SKQ ID XO:83, a sequence according to SFQ ID NO:84» a sequence 
according to SEQ ID NO:85, a sequence according to SFQ ID NO:$6, a sequence 
according to SKQ ID XO:87, a sequence according lo SEQ ID NO:8S, u sequence 
according to SEQ ID XO;S9, a sequence according to SEQ ID NO:9Q, a sequence 
according u> SEQ ID XO:9l . u sequence according to SEQ ID N0^2, a sequence 
'according to SKQ ID XO:93 % a sequence according lo SEQ ID NO:94, a sequence 
according to SEQ ID \0:95, a sequence according lo SEQ ID NO^>6, a sequence 
ciccording to SEQ ID XO:97, a sequence according to SFQ ID NO;98, a sequence 
according to SFQ ID a sequence according lo SEQ ID NO: I Oft, a sequence 

according to SEQ ID NO: 101 , a sequence according to SKQ ID NO: 1 02 and a 
sequence according lo SEQ ID NO: 103. 

100. The oligonucleotide sequence of claim 99, wherein the oligonucleotide primer 
further comprises a cleavablc site. 

I OK The oligonucleotide primer of claim 1 00, wherein 1 he oligonucleotide primer 
further comprises hiotin or digoxigenin. 

1 02. The oligonucleotide sequence of claim 99 t 'wherein the oligonucleotide 
sequence is selected fivm the group consisting of a sequence according to SKQ ID 
NO:2, n sequence according to SKQ ID h ! 0:4. a sequence according to SEQ ID NO'JS, 
a sequence according to SFQ ID NO:?, a sequence according to SEQ ID NO;9 t a 
5 sequence according to SEQ ID NO: 1 1 , a sequence according lo SEQ ID NO: 1 4, a 
sequence according lo SEQ ID NOzlG. a sequence according to SFQ ID NO:17, a 
sequence according to SEQ ID NO: 1 9, a sequence according to SFQ ID KO:2 1 , * 
sequence according to SKQ ID NO:23, a sequence according to SFQ ID KO:25, a 
sequence according to SEQ ID XO:27, a sequence accoiuing lo SEQ ID \Q;30> a 
JO sequence acccmJing lo SEQ ID\0:3l»a sequence according to SKQ ID KO:83 f a 
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sequence accordhtg ti> StiQ ID NO:84, it sequence according to SEQ ID NO;85, a 
sequence wording to SHQ ID NO:86, a sequence according to SF,Q ID NO:87, a 
sequence according to SEQ ID NO;88, a sequence according to SEQ ID NO:89. a 
sequence according to SEQ ID NO:90. ;i sequence according u> SEQ ID NO;9l, a 

5 sequence according to SHQ ID MO:92, a sequence according to SEQ ID N():93, » 
sequence according lo SEQ ID NO:94,a sequence according to SHQ ID XO:95 T a 
sequence according to SEQ ID NO:96. n sequence according lo SEQ ID NO;97, a 
sequence according to SF.Q ID NO:9R, a sequence according to SEQ JD NO:99, a 
sequence accordiDg to SEQ ID NO; 100, a sequence accenting to SFQ IL> KOrlOl, a 

1 0 sequence according to SEQ ID NO: 1 02, and a sequence according to SRQ ID 
NOitOS. 

1 03 . An oligonucleotide primer comprising a nucleic acid sequence complementary 
to a sequence linking a DMA tandem nucleotide repeat locus and a elcavable site, 

1 5 wherein extension of the primer generates a limited size range of nucleic acid products 
for mass spectra! autolysis. 

1 04. The oligonucleotide primer of claim 1 0"i . wherein the oieavaWe site comprises 
a recognition site for a restriction endonuclcase, an exonuelease blocking site, or a 
chemically cleavable site. 

1 05. The oligonucleotide primer of claim 1 03, further comprising a sequence 
complementary to up to one tandem repeat of ihe UNA tandem nucleotide repeat 
locus. 



106. The oligonucleotide primer of claim 103, further comprising a sequence 
complementary to up to two tandem repeats of thu ON A tandem nucleotide repeal 
locus 
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1 07. The oligonucleotide primer of claim 1 03, Amber comprising a .sequence 
complementary to up to Ihree tandem repeats of The DX A tandem nucleotide repeat 

locus. 

5 1 08. The ol igonuclcoride primer orelairn J 03 wherein ihc locus is selected from the 
group consisting of CSFIPO, D5S8 18, L>7S820 ? D8S 1 1 79, DJ3S317, D16S539, 
D1 6S539, D 1 8S5 U D2t S 1 1 , D YS 1 9, n 3 Al , FES/FPS, FGA, 1 IPRTfi, Hit) 1 , 
TPOX, DYS38R, DYS391, DYS392, DYS393, D2S1391, D1KS535, D2S1338, 
* D19S433, D6S477,D1S518. D14S306, D?2S684, F13B, CT>4> D12S391, D10S220 

10 andD7S523. 

109. Thu primer of claim 103, wherjin ihc sequence flanking the UNA tandem 
nucleotide repeal, locus comprises a flanking sequence selected from the group 
consisting of a sequence according to SEQ ID NO: 1M, a sequence according to SEQ 
ID NO: 105, a sequence according to SEQ ID NO: 106. u sequence according to SEQ 
ID XO;107, a sequence according to SEQ ID NO: 108, a sequence according to SEQ 
ID NO: 109, a sequence according to SEQ ID NO:l 10, u sequence according to SEQ 
TD I\0;1 1 1 P a sequence according to SEQ ID NO: 1 12, a sequence according lo SEQ 
ID NO: 1 13, a sequence according to SEQ ID NO;] 14, a sequence according to SFQ 
ID NO:l 15. a sequence according lo SEQ ID NO: 1 1 6, a sequence according flo SEQ 
TD NO:U7, a sequence according to SEQ TD NO:l 18, a sequence according to SFQ 
ID NO:1 19, a sequence according to SEQ ID NO; 120, a sequence according to SEQ 
ID NO: 1 2 1 , a sequence according to SEQ ID NO: 1 22, a sequence accordi rig lo SEQ 
ID NO:123 Ik a sequence according to SEQ ID NO: 124 f a sequence itccoiding lo SEQ 
ID NO: 1 25, a sequence according to SEQ ID NO: 126, a sequence according to SFQ 
TD NO: 127, a sequence according lo SEQ ID NO: 128, a sequence according to SFQ 
IT) NO: 129, a sequence according to SEQ ID NO: 130, a sequence according to SEQ 
ID NO: 1 3 1 , a sequence according to SEQ ID NO: 1 32, a sequence according to SEQ 
ID NO:133, u sequence according to SEQ ID NO: 134, and a sequence according to 
SEQ IDN0:135. 
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1 1 0. The oligonucleotide primer of claim 109. further comprising a sequence 
complimentary to up to one tandem repeat of the DNA tandem nucleotide repeat 
locus. 

111. The oligonucleotide primer o T claim 109 t farther comprising a sc-41 icnce 
complementary to up to two tandem repeals of the DNA tandem nucleotide repeat 
locus. 

1 1 2. Th i: oligonucleotide primer of claim UW t wherein the primer further comprises 
3 sequence complementary to up lo three tandem repeats of llic DNA tandem 
nucleotide repeat locus. 
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SEQUENT 

<'i r>> lmtler, John M. 
Li, .Jia 

KDnF.orf.f*, ocseph A. 
Becker, Chri&Lopher H. 

<'Z'J:- SNA TYPING «Y MASS SPECTROMETRY 
REF31AT MARKERS 

> 'yt-rm : 017/ GETRD1 7P 

i-'j j. unknown 

-S141 > 1998 -00-1. 8 

O50> 60 /OS*. 41 S> 
»;151> lS.9?-0Sf-15 

<1S0> !.>!> 

<:! 7(1 > Fater-tln Ver . 2.0 

<210> 1 

<2ll> 23 

<212> CN.\ 

<213> Homo eapicns 

<<100> 1 

asagtaaetg cct.-cata.g« tag 

<2i0> 2 
<2ll> 22 
<212> I3NA 

<2i.):. Homo sapieno 



PCT/US9&1957H 



f.! STING 



WT^Tl POLYMORPHIC DNA 



23 



<220> 

<22l» raise £ciuLurn 
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<Z22» [1> 

<22 3> BiuLxxiylHt.Rd 
<220» 

«22l> nisc_fcature 
*.22'2> (211 

<223> 2 1 -de.oxythymidine-5 ' - (Si -phosphurctaioate 
<400j> 2 

gtnrcar?acc ctgt^ccaag ta 22 
<2ia> i 

<2ilv- 15> 

«.:>1.2> DKA 

<r2l fiomo S£iOier.s 

*Ctgc*V:t£c s.atct-.c-gg- 29 

*21D> 4 

<211:t 2G 

<212> JXCA 

<21b Umr.o sapiens 

<220;> 

<221:» m^sc feature 
<222> r~) 

<22H> Ti\otinylat«d 
<220.> 

<221> wi9c_featurQ 
<222> 119) 

<r223> 2 1 -deoxythyiftidiiie-5 ' - (S) -phoaphorofch-.oate 



<4flft> 4 

atgaaaLuAa cagaggcttg 



2C 



WO 99/14575 

3 

c21C> 5 
<2ll> ?.S 

*213> HOiua aupi«n* 
•^22 C> 

miflc_featuxs 
*222* (1) 

<223> Bior.inylaced 
<22C> * 

<:221> misc_£aAtuxa 
<c?22> (24) 

<.223> 2 ' :i«nxyt.*y7iidinG- j • - -phusphrnrsthicaU 
c40C> 5 

'ji-c-fchggt.P rcctraurj-s ata~t 

<210> € 

*7:T\> 23 

c2l'i> Honuj aapi*»ng 

a-a*z$t-ji-c.r. ctatrtatac cec^atcLa 

<210> 7 
«2X1> 24 
«212> 

<21?*» ^lorao sapi<uis 
<220> 

<22i> raisc_feaLuxfc5 
<222> (1) 

c223*» 3io^inylaroJ 



<220> 
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4 

<221> misc_f ^a-\ire 
<222> {ai) 

< 2 23 % ceoxy-hymidine - S 1 - phvspj.cru .hj oa t« 

*40C\> 7 

rfiicatacrtt: fcagaacgaac taac 

<211j- 25 
<212> DMA 

*:213> Homo sapiens 

aaaaactaLc aatctgtcta tcca^c ?6 

*21C> 9 
<21L> 27 
<212> DMA 

<213> Homo sapiens 
<22fi> 

<2iiN misc_fea^ure 
<322> ilj 

Biotirtylated 

<22C> 

<22i> inisc_feacurca 
<222> (2<S) 

«223> 2* deoxychyiridine-ij'- \5) -p'nofiphurcfcVH oate 
<40C> 0 

tttgtat^tc atgcctacax; tcgt<LLe 2? 
<21C> jlO 

«2ll> as 

<212> DNA 

<213> Homo oapiantj 
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24 
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5 



PCT/USM,195?« 



<4oa> 10 

acctaccctq tagattattt tcactgtg 28 
<2to> i:. 

23 

c2l2> DtIA 

<212> itano sapiejie 

<220:. 
221 liaise feature 

<222> <1) 

<222> Bistir.yla^ad 

<220> 

<22i> micc_ie=ituxe 
'.•222* (22) 

<r22V> 2 ■ dooxvt.hy^idinc-£ ' - <a) -phoaptarat-.H oate 
c400-> 11 

cccateuaa= gcctatctgt stt 23 
c210> 17. 

<an> 22 

<:212.* DNA 

<2-i*> Kcnc sapiens 

<400> 12 

gceraaaaag acagacagaa ag 22 

«910> 13 

<211> 23 

<212> RKA 

<1YS> Horc- sapiens 



<400> 13 

agaaag*cay acaggtggat afta 



23 
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6 



PCT/i:$98/1957B 



<210» Li 
<*12> DMA 

•;212> Hg^io sapiens 

<22l> :aiue £<:«t-.urft 
<.222> (1) 

<223> BJotinylalud 

<220:« 

<22l:« niuc couhiira 
•:^22> £23) 

•=223> 2 1 -ceoxythymidiiiu 3 ' - (S) -phoephcrotiioatH 
<4D0> 

Lttctgttrt gteLLU:aafc gar<i 24 

«;2-L0v. 1!> 
<2ZX> 21 
DMA 

Hcmo Bapien-; 
c400> 15 

ssartgacaa olLsikjhcxzt. - 21 

<210> 15 

Oil* 2S 

<21i> DiJA 

<213> H Ditto tuipiens 

<220> 

<Wi> niec. feature 

ri) 

<223> rilotinylated 
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<22Q> 

<>.21> misc_featurG 

*2'22» (255 

<223> 2 ' -d«o>:ythw.idine- 5 • ■ (a) -phosplaurciiH o*r.e 



<40C> lb 

grcttacas.t aacacrttgct actALL 



<21C> M 

<2ll> 20 

<212>*DNA 

«.:213> Homo napier.s 

<22l>> 

<22s> :ni.sc_f eaturc 
<222> ;d 

<aaj* niotirylatfid 



<220* 

•r221* :aiso_f aar\nre 
<222> [13\ 

022> 2' dftaxy-hyTiidine-D' • (Sj -piioeyhurotr.ioace 



<400> ',7 

<210> IB 
<21X> 29 
<212> DN/v 
<5m> t-omo 



ttgccntcta 



sapiens 



<400> 

gfcaga^agac tgga'-agata gacgatag* 



<2io> is 
<211> 24 
<212> DKA 
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c213"> EOHO sapors s 
<220> 

<iy.\i> micc_featur<i 
c22i> Bio-inyLate-d 

•: 22 1 > itlisc feature 
<222> (23) 

<:22i> 2 ! - deoxy thynii dine - 5 • - (SJ -phr>«phorothioats 
<4r>o> 13 

gtg-tttaga ragatagata ggLu 

<210> 20 
■:211> 20 
<212> OKA 

<213> Kott-o sapiens 
<4D0> 20 

ijrjtraaggag a^twtcacta 

<2'.0> 21 
«211> 19 
<2L2> OKA 

<213> c-ott.o sapiens 
<320* 

c22l> misc_teaturc 

<222> (1) 

<22^:« Bio^inylated 
<220> 

<22l> (tti^c £natnre 

<222> (IS) 

s22i> 2 • -deoxyUiyiaid-lri«-!> •- (s) -phosphoruthioa-e 
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9 



<400> 21 



ctrcatct^r 



«210> 22 

c211> i* 

<212> DNA 

}.> Ho'Jrto sapiejiE 

<400> 22 

Lcat-triagt gcatgttc 3R 

«213v hcxo eapxens 
•:220> 

<22l^ nu.Bc_f eature 
<222> fi> 

<22*> Ti-otinyiaied 

<220> 

«222> (32) 

<223> 2* • rieoxythymi d ino - 5 * - i S > - pho&p*& rothica t r 



<400;> 



23 



t-.tagganacra agga^agcag tto 



23 



<210> 24 



<2L1> 22 



<212> DNA 



<213> Aloato sapiens 



<400> 24 

gcgaaagaat gagaoLueut ct: 



as 
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U) 



*2i<:> 25 
27 

*212> DNA 

<2i3> 3JoRio sapiens 

<r22G> 

*22l> mific_teature 
<222> ill 

«22J* Uiotuaylated 
<?220> 

<22l> m£sc_tea7urQ 

*222> • P 6 !■ 

<222> 2--deo!xy^hymica.na-5*- (S> pr-oHphorcthiooue 
<4flG> 2* 

aa.a*=r.t.aggc atstttacaa gounjLi: 
<?.!0> 25 
c2li> DMA 

<213> Hoxo sapiens 
tcrtcrtaatzg ocst^caaaaa agacu 

*210> 2? 

*211> 29 

<212> OXA 

<2lJ> Homo ftapienc 

<:220> 

'.'22 1> rxirtt: f«afcure 

<222> (1) 

<223> BiotiiiyluLnd 
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U 

<22*L> cri.sc tea-\;re 
*222> (2R } 

<223n 2»-decxyihyridiy.^-5'- (Sj phosphorothioate 
*4D0» 27 

gcctrccafccr ttgLOicLa*.. ::t\rt.atct<j 2 9 

<»2ll> 22 

«212>*ZKA 

'•:213> Homo capicaiu 

<400> 2« 

<2\\> 20 

<r2l2> DHA 

-*213> a-srao sapiens 

crtgttcctc ocL.afchncc 2 0 

<2l0> 30 

<2ll> 21 

<212> DMA 

<213> Rorao aapiciiH 

<220-. 

c22i> tji Br_f ea.ure 

<222v. U) 

<221> BioLinylflteS 



<220> 

<221> miec feature 



WO <WI4375 PCT/US9&19578 

12 

<223> 2 1 -deoxythymidiiiG?- 5 1 - ;*) -pboapharor.H oare 

«4C0» 30 

gggaacaca^ actccafcggt g ?.1 

<:2iti.* 3J. 
c2ll> 22 

c2l3> Homo aapiens 

<2£1> miiiu_r<JiiLuxt: 
c.252> i^S 

<223> BaotinyiatecS 
c.22C> 

<2 (21 i 

*2i;u- 2 1 -dsoxy^hyiridine- t 1 - <S> -yhnsphoTOthioahe 
<*00* 31 

ct-agggaac cctcactgaa tg 22 

<210> 32 
<211> 22 

<2i5v ivra» 

Homo sa?i< 



<400> 32 

gtccttgtca gcgtLLaLL^ go 22 

•:210> 33 
<2il> 22 

2:- DNA 
<213> Homo nnpleTlG 



<400* 33 



WO 99.0437? PCI7L 19573 

gt.gccaa&ct crLqttrctiaag 22 

<2X0> .i4 

<2Ll> 2u 

<212> DNA 

<i-13> Hotnw sapiens 

atgaaatcaa caaaggc^tg 2D 
•>'210> 35 

<21.1> iiomc sapiena 
«lCf>> 35 

ctctZLggta tCCttatgtu uLatr 

<r210> 3€ 
.;21L> 2<S 
<212> DN7V 

<213:« IlOTiC sapiens 

rsrccata&fct tagaacgaac Laa<? 24 

<21D> 37 
<211> 27 
<212> DNA 

<2\'i> Homo eapieiia 
<400> jy 

tttgtaLLLc angtgtaoafc tcci;atc 27 



<2X0> 36 
<212> DKA 



WO 99/14375 



14 



<-S:OC> ?.s 

cccacctaac gcctatctgt ar-t 23 

<21Cr* 39 

«i211> 2-1 

<212v )>HA 

<21Jv Hono sapiens 

<40C> 39 

tctcngtttt gtetLLUuixL gats 24 

<2i«:n 40 

<21L> 26 

<212» DNA 

<21'i^ Kurtz sapiens 

f40C> 40 

gtcbtacaeit aacagiLyuL ucnnrt 

<21C> 4i 
<2i: > 20 
<312> DNA 

«2lJv jiortu sapiens 
<400> 41 

cccaagtgaa LLyccthcta 20 

<210> 42 

<211> 24 

<212:. DNA 

<2l3> Ho-jicj sapiens 



<<100* 42 

gtgtttl;a<ja taga^agata «gtu 



24 



ViO 99/1 437S PCT/US98/I 957« 

15 

<21C> 1* 
1=1 

*212> DNA 

*213> Hnrrr> napiens 

<400> 43 

cagagcaacja ctfccatccg 13 

<2lf>> <\± 

<7\\> 2 J 

*2l2:> DMA 

<212> Homo sapiens 

<400> 4' 

rLuf^a^aca aggatagcao; ttc 23 

<210> 4^> 

<2*2:» DMA 

<2~'±:. Homo sapiens 

*.4C;0> 45 

aaacLttaggc atatttacaa gc^agtt 27 

<210:> 

«:211> 29 

<212> ONA 

<213> Eciao eapiens 

<4Du> 4* 

gtccccate- ttgtctsizat cLirtatctg 29 

<210> 4 7 

*211> 21 

<212> OKA 

<213> Homo aapiens 



WO 99/14375 PCT/WSWU578 

10 

5g<ja&cacag sctccatggL s II 

*2'L\>> 48 . 
-.21L.> 22 

<3X3> Horr.o sapiens 
<40&2< 4a 

ct:.aycjga*c ncrcactgaa 22 

<310> 49 

*212* DMA 

<2l3.> Hu:nu Hcijr.ftTiR 

<4CO> 45 

'jLyuyfc-agr: ncTttagcga t 21 
<210> 50 

<2^^> to 

<2l?:- UNA 
<213> HCniu 

<4C0> 50 

<jttyL<jHgagK ccgCCtca 18 

<210> 51 
<'211> 24 
<212> DMA 

<40Q> S3 

ttcaaccat* aaccca^atc tgtc 24 



<210> 52 
«211* 22 



WO 99/14375 
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<2L2> DNA 

<2L3> Hcpo capieuG 

illiKjuyc-yHh c-:ggt-.aggcag gc 22 

*2l0* 53 

•:21I* IS 

<212> DKA 

<2.13:> TTottj-/ sapiens 

'.400> 53 

nttttcttnl citcLircs.tr. i<i 

<210> 54 

«211> 22 

<212> DNA 

<213> TTnmn flcpieTIC 

aaarxtacca at coca- tec t- 2S 

<,2l()j- 55 
23 

<212> DN7l 

<213> Homo sapiens 

<4C0> 55 

rggtcttcta cztgtgtcaa Lac 23 

<210> 5* 

<212> DNA 

<213* rfomo sapiens 

<4C0> 56 

tgtctca^ag aa*iuyuc:at:a r.nr. j 



WO 99/14375 



1R 



<.21Cp. 57 
<211:* 23 

<2l.1> Uorco sapiens 

<;403> 57 

c-tcj^atttct tggrtatag - a ad 

tilt* 5? 

<211.> 23 

-z212> DSA 

<213:» Homo sapiens 

<40f>> S3 

aagctggtas <agag«iLdiuai: *ga 

«211> IB 
DNA 

c212> Homo sapiens 
<400> 50 

arjccacaccc ataaattt 

<2i0* GO 
22 

<212> DMA 

«:2U:< Homo sapiena 
<?400> SO 

gaatgcagag aaagciyaaUt: t.h 

<A10u €1 

<211> "ft 

<2l?.* CNA 

«2l3> Homo Hapi«ra 



23 



2* 



18 



WO 99/14375 



19 



PCTW$98/I9578 



<tOC> 61 

«g*aarggct crjcjcctta i u 

<2ic> S2> 

<2lL> !Ld 

<213> Homo sapiens 

taaaggatig c*2£*u$y 18 

c210> 62 

<221> 22 

<212> DMA 

«:212> heme sapiens 

<40u> 

c-aa^aagat^ ot^fctgaacj^ aaa 

<3l0> C4 

*211> 24 

<212> DKA 

<213> Hotr.o sapiens 

<4M* <>4 

aaccttctct ctttctacct ctcr 24 

<210> 6£ 
<211> 20 
<2\2> 

<2.3> Homo sapiens 
-;4<JU* 65 

agyyctgahg *ggtgaaata 20 



<210> 66 



WO 99/14375 PCT/LLS98>1<K78 

20 

<211> 24 

<112> LKJk 

<21.i> Tlr^rr.O capiOKfl 

<40'J> 66 

toaaeaacaa cacatatau« atcra 24 
<2i r>> 

«2L1> 25 

<212> DN7v 

<2li:> Ilomo capiene 

cat&zattfca taga-cgata saaya 2£ 

•:210> 6S 
«211> 2.1 
<.212> D>JA 

<213> IFrcno sap i one 
<400> 6f* 

aag-tctcca cjagaaacags ate 22 

<210> 69 
<211> 29 
<212> SNA 

<213> i.orac sapienft 
<40C> 69 

caguz-agat agatayaLai; yfcaratacWL 2<i 

<?XOv 70 

«21L> 21 

<3I2* 1>KA 

*:213> Hwx: sapiens 



<400:» 70 



WO 99/14375 



21 

tcaaanra<jtry acaaagaaac L*hm 24 



<2ii>> 7i 

<2l2:> DKA 

<213> Homo sapiens 



*400* 71 

ccatccaLct ancatctat;. Lulifc 24 

<*lt> 2* 

<2i?«:. zmh 

<Z1J* HCKi\o sapiens 

<«00> 72 

acctacat-a gtct g'-y LLe fcrr. 2i 



<2i0> 73 
<2!1> 3<i 
<21?.* I?MA 
^21,1:. Homo 



sapiens 



*±30* 73 

aagaaagaat cracccttgsju aht-.h 74 

<210> 74 

<211j> 19 

<212> DNA 

<2L3> Homo capicxxH 

74 

<jyy(.\rrtraga gcaa«actc 19 



<210> 75 
Oil:. 20 
<212> D>iA 



WO 99/14375 

<213:> Ho:oo feapiens 



22 



PCT.1TS98/19578 



<400> 7S 

cggagtcgca agctigaacta so 

<210> 75 
<21i> 2.3 
<21*> PNA 

*21J> Ho:no sapiens 
<400> 7*S 

ctgagtgata g£gt<jayaue: c-g 

<211> 19 

<2\2 v DMA 

<213> Ho^io sapiens 

<400> 77 

atcaatgc-at gcataggLu 10 

<2i0> 7U 
<21i> 23 

<21J> Ho:t»o s^paeno 
<40D> 7ft 

gcctccatat cacttgBgct. aat 23 

<21D> 75 

<211> 

<s2l2s. UNA 

<213^ Hima sapiens 

<40t>;> 79 

gcctractqa cctactacaL aacga 



WO 99/14375 PCI /C$9 8/ 19578 

23 

*21C> SO 

*z21'3> Homo sapif-GB 
«:40C> $0 

gagcaagael yuuLcl:::a«a r 2 I 

*21C> 31 

<.2l3> Homo uupicriH 
<4QC> 31 

Lysjiianaata r.f.ntgggaag aU\ 2 3 

<21C> 32 
<211 > ?:> 

<213.> Homo uapii-nn 
<:4UU> 32 

cct<jLLg;ic=i r.fcr.tcaaaac ca 22 

<220> 33 

<211> 10 

<212:« 3KA 

<;213> Homa Bapieng 

<220> 

<?.2l> misc_f eature 
•:222> (li 

<22*> ^iorinylatod 



<220> 

<221> misc_feALur« 
«222> (16) 



WO 99/14575 PCT/USWI 9578 

24 

<22!*> 7:' -deoxytbymldiaa-S*- (S) - pJupspfcc r c iM Da - c 
dC0> 32 

gagcqagaqt cccrtctca 18 

/.210> 04 
4211* 2* 
<.2Z2> DNA 

«:213> Hono sapiens 

*Z21> mific:^ feature 
<222n {1} 

<223> BiofciTiylated 
<220> 

<22l> mi £3 c_£eature 
<222> !23) 

c23A> 2 ' -d20xvtbymicir,e- J> • - (S) - pliocphox ethical- - 
<400* 34 

ttcaaccata cHcccauatc tgtc 24 

<:210> 8F, 

<211> 10 

*212> DNA 

<rm> Ho^io sep i ens 

*220> 

c22l> miec_fGatiure 

<222> U) 

*223> Bistinylated 
*220> 

*221> miec_featux\: 
<222> {10) 

*2'2}u 2 , -dHOxyU^>^aidlin<:-5 , - ;S) -phosphoroc^ioate 



WO 99/14375 PCT7LS9&19578 



<4 0C> 35 

fcfc-fctctrgt c^zccczait iy 

«21&> B6 

<2l*3> Homo aapiens 
<22D> 

<22i*' ir.i5C — feature 
•:222> il) 

< 22 2 > Eio^-ny iatie.d 
<22C> 

«221> tr.isr_f mature 
*:222:» <21 > 

<223> ?.* -^ecxythyn'idine-s » - t/j) -phosphoroLhiosit:« 
<40G> Do 

tgg+.cttCt-a Cttfltqbcaa tac 2 3 

*.2l0;> 87 
<211> 23 

<213> FTorro sapiens 
*220,> 

k221> wlhc feature 
<22I:» 

<223:> Hiotinylated 
<220> 

< 22 i * nio cofeature 
*.222> (20) 

<222> I^-deoxythyrrJldine-S 1 - (ej phopphorothioare 



WOM/1-075 



26 



<400> 67 

cfcgga^tucr LocjLLuLag- a«9 

•:210> 68 

<211> 72 

<212> 1>KA 

<213> HOu.u biip^ariR 

<220> 

<221 > mi sc_featur^ 
*22a> (i: 

c 2 2 3 > Bi'j L ii ly 1 a hnd 
<229> 

<22L> mi rc f fixture 

<222:» 

<223> 2 1 -deOAyLhyttud: np.- 5 ' - »S> -T3hosphoroLh.io;ite 

c-aatgcigjia uuuu agnate t« 22 

«210* 85 
<21i> IS 
<.212> DMA 

<213> Koto sdpi^nu 

<221> raise feature 
<222> (ij 

<223> BiotiAyla-«d 
<220> 

<221 * cnisc_fct\turR 

<223> 2 » -deoxythyiddvn©- «> 1 - \S> - phoopho r o tfci oa r.* 



<400;> 85 



WO 99/14375 



27 



PC17US98/1957& 



agaaatggct tggcottg 18 

c2L0> 50 
<2L1> 24 

*:2li> KCTK! sapiGi-ti 
<220> 

<22X> raie.c_feacuro 

<22:*> (1) 

c22'J> BioLii.yla_e<i 
<220> 

<221.» raise feature 
<222> (22) 

<22.V* 2 1 -deoxytir/ttiiuin«-5; ' - <S: -pr.oai>horottiioate 

aatctsctct attbetatret ctcr 24 

-:21Qv 91 
•;2I-> 2C 
<212> DMA 

<213n nomo sapiens 

<220> 

<221> ttiiec feature 
c222> il) 

<223:- niotinylatod 
<220* 

*221:> aiicc_featuro 

<222v US) 

*2'J'3> 2 1 -deoxythyroidino-5 " (Si -phocphorotlu.cate 



<400> 2*1 

agggctgaL^ ucgtgaaata 



WO 99/1 437S 

28 



•:21Co 32 
<211* 2* 

<2l3.> Hokuj supittxia 
<220:» 

<22i* misc_f eature 

<Z22* (1? 

c222> Biofcinylfchetf 
<22Co 

<22v> ?niGC_ feature 
«22?* {22) 

*223;> 2 1 -dijoxyhhyrn-i ' - (S) - pho ipiiorc - ni. oa t e 

*:4QK> 92 

gagL'-'jzcrra gag?aacaga at;o 

*210> 93 

<211> 29 

<212> UNA 

<213* Homo LiapifiHH 

^2^Cv 

<221> tniac feature 
<222> (i; 

<223> Biotinylahed 
<220> 

*22l> m-i #?c_feature 
<222> (20) 

<223> 2* dftovj'thymidine-S'-^J-pliojjpiiorothioato 



PCT/USW/WK 



23 



<400» 93 

cagaa-aqat agatagaLac yt»cataca 



29 



WO 99/14*75 



29 

<210> 94 

<21i> 24 

<212> UNA 

<?.13> Homo aapiens 

<22C> 

< 2 2 . s. inisc_ feature 
<222> UJ 

<223> Bior-..nylated 
<22' ir.isu_ tea tin: e 

*233> 2' deoNythyaudina-S 1 - [3) -phcanhoroCiiiDilte 
*40C> <>A 

cocL^catcc Atositc-att tazt 24 

<21C> <^ 

<212.v DNA 

<2i:*> XOft? sapienc 

•;220> 

<22I> raiflc_f earure 
<222> (1) 

<22A> Biotinylated 
*220> 

<221* misc_f<*atura 
<222-> 123) 

<-22*» 2 • deoxythyraidine-5 1 - (3) • phospharotltioate 
<4O0v 95 

aagaaaga&t gacccr-Lycs Kfcfct 24 



<2-0:. 90 



PCT.'US98/J9578 



30 

<21-> 2C 

*:212> DNA 

<211> Homo n.ip'.^ns 

*220;> 

<221> ttiiac feature 
<222> {3; 

<;m> UiotinylateU 
*220> 

<22l> mie=_feacure 

<222.v us; 

<?/?.\> "a* - dooxyt h yini dine - ±. ■ - (s) -phoBpliorothiuu.c 

*21C> 57 

<21L> 10 

*:212> DNA 

<213> Hnrnr, sapicn3 

<223> Biotinylated 
<220> 

<22i> mice_£<iafcure 
<222> >18) 

<223 > 2 oeoKjthyTiidine- 5* - (G) - phr>aphoxc thioa L c 
<400> 97 

aUraafcgsat gcataagta. 1$ 



<210> 9B 
<211> 25 



W099,'I4375 



FCT/US98/1957K 



31 

<212> DNA 

<213> Homo eapiens 

<221> tti-Hc: feafcu^p 
*:222:» {l) 

<223> Biotir.ylaLed 
<22D:» 

< 2 2 1 > m- a e ? t lire 
*:222>" 

*:223> 2 ' -deoxyLhytnicKTm-s • - {*) -iJacsphoroLhioats 
*4U:>> SB 

*21I>> f59 
<212> DMA 

<213> IIOHO Jiapacxia 
*22;>:. 

<22l> Allu'j feature 
•c222> <1) 

<223n 

<22Z* m-ia'j feature 
<r222> (22) 

•=223 > Z -cteoxyUiytriitUnfi-R • - -pJaospfccrotiiioaLe 

tgyiutaaar.* ttctgflflaa^ at 9 23 

<210> 100 
<:211> 23 
<212> DNA 



WC) 99/14375 
c.2 12 > Homo sapiens 



PCT/US98,'I?57« 



<:Uiz> nisc_feazure 
<222> Biotinylated 

<r220* 

«:222> 2 • -decxyrhyirJ.dij:«-5» - (S) - plir,*p hor o E b ioa b « 
<1^0f LOO 

ar-agtaacr^ cctr.cataga cag 2.) 

*210* 101 

-;211> 22 

<212i DM?, 

<2i3:«. Ilcmo sapiens 

<4a0* 101 

q=ctgttCCt ciccrtatttc CC 22 

<?.1D> 102 

•:'<:il> 23 

«t212> DMA 

Oi3> Homo sapiens 

<*0D> 102 

aggtcBcago' gaacacayac tcr 

<2ll\> 103 

Oll> 2.1 

<212* UNA 

<213> Hathu Biipifins 

<22C> 
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<221> i:iisc feature 
<222> [1) 

<22S> Ho^inylaced 



*220> 

<22i> ni 3 c_ feature 
<222> {21) 

«?22'i> 2 * -dccxythvsiidine-t>' - is) prioBphorothioat.R 
<400> *_QJ 

acrqfccacagg gaacacagau :cc 2,1 



104 

c211> 315 
*212> 3KA 
'.:213:> Sotwd aapier.G 



<40a> no-: 

aacctgagtc cgccaagga- zagcaggtty 

rgzaaaa^ga agaUiLLuui-- agnaactgcc 

gar.ngat.aga taga'-a^ata gasagataa* 

gggtctgaca caggaaatgc ^s-ccaagtg 

agrctgeeuc La-g-gggr.t gggtgg^aar: 

cagtrgLgtfl tggaa 



ufcaaccaccc tgtgtctcag tzttcctaijc 60 
ttcatagata j^aaga^agat agatiagata 120 
tagatagata patsggaagt acttarraaza 180 
r.gcaccarjrja catag^atcC eagaburyctc 240 
ctggagvrchg gagaargggc tgaagar.ggc 3 DO 

315 



<21ft> TO* 

*2l2> CKA 

•c213> Homo sapiens 



<400* 105 

tcra&ttaaa gtggrgtcco agctLuutntg 
CiLgtgactHag ggrgattttc etctttcgta 
tagatagata gatagataga zagatacufc* 
cagaLutagn caraaatgtt gtaaactgtg 
fjcmaagcnt -cctctgnga yuggcaatta 
ta^tngc 



tactaataaa agiiaLa-Ltt aatagcaagt GO 
'-cctcatgta afcatfct-gaa gatagataga 120 
gatagqtaga ^agaggiata aaLauggata 180 
gcUabgattg gcateanfcfcg gctaaaaagc 240 
chcttttnct zaggnactnc ctoancagtc 300 

307 
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<11V> 13t 
<Z11> 334 
<212> DMA 

<2 !.?.•> Homo aapicua 

aa.Ltt.fcgc.a r.tTtttCt&rr agacgggg.L Lcascatgtt ggtcacqsr.c act-atggar.rt $o 

ra-hrtaagg rtaatatata taaagsyLut gatagaacae ttgrcstagt ttayaa::g«.? 120 

ctaacgat^y uUigatagftt agatar?atag atagaUujaL agazagatag atapacsgar iao 

rgatagct'-L -tzttacctc ae_aaacagt ctatasfcaa/s cat.taat-a craatattUj 21 f> 

gtgoaattcfr. gtcaatga&j uLaaafcgtgg aatcgttaca anLcLtaaga atatatatfcr Kiu 

uu-cugagr.h "tTgatacot cagattttaa £<jcs 334 

<21G> 1DV 
<21.*Sv- 34 0 
<2l2» UNA 
<213> Hotnu uuptann 

<40l>* 137 

cggcaawLUa -a^gtacrtt trria-tscat 3Uj ! -»cattc gta.cr.ahct-. airetatctst SO 

statctatcr. at c tat c tat ctatctatcrL ubfcccccaca r?trjaasatas tct^cayvja-. 120 

ag<ytaaataa atiaagycar ah-cacgcaa tgggatacgn Lacagvgazg aaaatcraar- lau 

aa-hafcagct aogLrjaaact atactcatgr. acacaafLU: trr.aaaagaaa cUjcjgaacaa 240 

'.jaatacatac gg^ttttgnc agctgMjcr.a tirttacattc ccaac^asaa Lycacagggr 300 

ttcagntLel trcacatnctr gtcaacatzr- tgLLaLtttg 340 

<21C> 108 
<2it* ase* 

-2X2 > DMA 

<213> Hutnn Haptens 

<-10C* IOB 

cggnrat^agcr. r.gctggae&fc ggratcao,** aagt-.ctggga tgtggaggag a<jLLuafcr.hc so 

tttagtggcc aLcugtigact ctctggaetc tgaocoatct aacgacta^ fcgt-jittcaca 120 

ARtasattat ctatcta-ct aLo Latitat ctatr*Htct atczatctat ctatctai.ua 1*0 

accatotatc tatcttLcLg tc-gfcrtt-t tJWnrctgcct aLggc'Caac ccaagttgaa 240 



WO W14375 
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ggaggagatx wgaccaacau ttesagctc*. ctgaatatgz itLga.* 2 66 



<211> 426 
<212> DMA 
<213> Uoxo aa^-Cua 



c400> 1C-9 

afcggtrfcgnr.c: 7C3eggctgc ac^cy^gagga 
ggtgcczgac agccccgcac ccaggagctjj 
agtgccagaL gt^cgLcgfcg nacaaaccta 
gaaaaccaca qttcsrcsttr. -tataLgryga 
cttccc.sga -caatacaga caguiiagaca 
Laya*_agar.a g.irago-atc attfTaaagac 
o.c«r.»atgcac acacaaacgi. aaatgg-airj 
nttacc 



tgantgtnzt cccu^Letca qr.cmgccga GO 
gggggirctaa gaqcttgnaa aaagtgiaca \2G 
aatgcagaaa agcactgaaa gcagaa'-era \BC 
gcaaatraaag gcagatccca afletct^cct 24C 
ggt^ataga ^agaLagaLa g&Uaga^aga 30C 
aaaacagaga lu-yuUiafcaq a-acatgc~L 36C 
aaaaar.-gga Iflcartcttg tar.ggtwf-L -12C 

12*; 



<210:- 110 

<?.M> DNA 

<:21J> Home Sapiens 



<400> 110 

a^gt-aaegs tgcagtgagu catgr.hn&tg 
ayaccfc-gr.n tcagaaasfan arraa^gaaag 
a.gaaagzaag a&aaagagag ggaaagatuig 
attg^aacau a'.vknraic^c accagogaag 
agagaageca acatgtccac cLtaggctga 
tcgrjgt-tgt tatttLlaaa gtagnht^tc 



&ca.ct:g3act tcactar^-ag tgacaaativj 50 
aaagaaagau ugoaagaaag aar.gaaacaa i:>x 
agaaanagr-a aanaaazagt agcaaL'Ujtt 18 Z 

ttaattt^aa trtcaaca^y I uagaacag 24C 

cgytfcfcg-tt arttgtgtts tzgctggtag 30 r. 
caatact-ca ttaacaatct 



Ill 

<2li> 52fl 
<212> TJNA 
<213> Hcwio aapinns 



<400> 111 

cfcancaatoa tantgeraaag caaagacaga geaagjjeafcr. tcacftCgr?cL agagcagcrag SO 
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caagaca ag* acaggggagc t^Lagaxgg 
aatatgcgag tcaatcccuc aagcgaa^tg 
crc:gtctgt ctgrctatct a-ctaca-cL 
tatctatc^a tct.atctacC tatcgL'juat-. 
ctnr.cfcggag aacafctgact aettacaacat 
ata^cataco actzcaLata Luatataaaa 
arggcLa^Lu uvLLLt-Hcrt: ggcrgccafr* 
attttttata tccttaaaaa tattf-iLyag 



36 

tctgthahgg gacttticcc agtctCcaLa, 130 

ccttctatct alcLaLL'tat crgtctgicr. 100 

azccatctat c/it.c:r-at.cta rctatctatc 240 

cratccagtc tatccaccta oLaLLag-ct 330 

ciLLaatsta tcaaagctta afct-.tcaagtt 360 

CCfcfcacagtg tLtetccctt ctcagLjf-th 120 

cacCaaULLL battttgcta agtgcfbgaat 4d0 

tgtcgabcbc; ggtaaagt 52 £ 



«2" 0> 3.12 
*211> 194 
*212> DMA 
c.2L3> Hcdo a apian s 

<400> 112 

ctactc-agct tctgttaLa£ LyLLt~tzaa 
tatatatata gtgLLL-aqa Lacatagata 
r.agat-agata gataga*aga batag-gaoa 
tcactacatg ocat 



tatat-.atata rj^attazata -atagLyLba f>0 
qqtiagatagu L«.cjauagata gatagabaqa 12 0 
^cscctraa tfncaga-gga ctcctbgtcc 180 

134 



*2L0> 113 
*211> 320 
*212> DMA 

<213> Iicroo sapiens 



c4f)0> 113 

cac-tgaaca cgggaggtgg aggttguucr. 
tgaaacatag aaagargaaa gaaanaaaga 
ttaaaatttt agggggaaaa ttttccaatt 
aaaaccaagL ci.LaLLt.tnt. aahctgcatrj 
t-ggggctagcj eabcccat-c ccgcaggaag 
cgatgattca ggaatgcaga 



ccagcebztg caacagagea ayacttcatc so 
aagaaagaaa gaaagagtaa aagaaaaaaa 120 
Lfchgaacatg eactaaaatg atttrcauag \3o 
gcattat^aa agatgt-tac rente br.ccx 240 
tcttgr.aqf.T: aggcggigge zc-tggczctg 300 

321- 



<210> 114 

<211> 

<2;2> D^lA 

*2l3> Homo auolans 
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<4G0> 114 

5g?:at-tcc5 tatggattcjij aay -ggggcg 
gatttggcct. gga^'jugetq gaagatgga^ 
ggsagaagatf rjtttaggaga caaggaLayc 
tttat-^L&LL t.at~tattta gagatqr.agt 
gwcyaKrhh ggcccactne aacct-.ccacc 
crctcccgagt agocaayLag c^gggactac 



zgaaafcagag garrtcaygryq tcactctg^cj 60 
"ggccgt^aa -UraLgfcagg ga*ggctntrj ±20 
ag^tcaczta r.r.r.acttatt tatttat-ta 18c 
ctcattc^fc- cgccaageLy gagfcgragtg 24 C 
wd-c^ggctc aagcgafctnt ntT-gcstcas 300 



«f2lC> IIS 
«211> 192 

<2i2> vm<. 

<213> hone sapitiiia 



gccccata^y Ltfctgaactc acagatLAaa 

caagc^ayLL tchr.tcrtic trf-ttctct 

rrtttCIttct ttcCt^CtZt OLOu-LUecrt 

acagacaaafc ca 



ctgtaaccaa aa^aaaaL-a ggnahnt'ta 50 
ttcLiLctct ctrtctttch r.t-.nr.ttcttt 120 
cc-LKcz-r.r.c rtictttt-fc gc^ggca^tL 18 r 

192 



<;21C:> 116 
<21L> 32C 
<212:v DNft 
<31jI> Korac gapicms 



<r40Cv 116 

aggtatagtt ttctoLuoag aafcagtcaga 
gLttacctag aaattatctt c^aaaUcL 
qtctscatot etatccgtct azo'-OLutrh 
ctataiatct ahctaaagca aatteacgcc 
acag<jgg-tga gac-aaagaaL t-ggcaggaa 
aactttacag aaeLaggttc 

<21C> 117 
<2V> 300 
<2l2* DHA 

<213> Honm sapiens 



tcr^aggza-a cuactttgat gtrgacaefca 60 

gtctctatiL c^atctctgt etceatcttt 150 

atctatctat ctatcL*Li:L atct^ihc^ac 180 

cL.ctqct&t ttatfcqaa-c gagaccacaQ 240 

tflgggarg-a tattatctgt ggeaLaagga 300 

320 
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<400.» l"i? 

gccsttocca ggcLctagza gcagclcaru gtgggggcrfcs rfcgggcaaat agcgggcaaa 60 
attcaaaggs tatc^gggct CLysivrcyhc^t tccca^tggc ctgttcoiuj cthahrtcco 12 C 
LeaLLcafc-c att.cattcat teat teat ca atitcaztcac catqaaar.ct: gtgctccotg tec 
tqazctgcac tcggaayc::c tgtgzacagg ggactgtgto ggccaggctg gaLaa.c^gg 24C 
agcttttca* uijuauaggag gggtcttcgg tgocrLcultg ggcac-caga accfcfcgggct 3 00 

<2L0> 118 

<2ii> 3f«i 

«:2-2.» UNA 

<2l3> HOiio liapiHT.H 

c40t» 118 

ageu.cet:Hga arngrcgaoL qrjcacagaa'j aggcactiaa agaac.-ctca ctgaatgaat 6Zt 

gaciLqaatga atgaalgaaL gaatgaatga fltgaargttt ogcrcaaataa acguLgBcwa 12 0 

ggacacaagg gccLuvcggg aagggaacaq gagzaayacz agcgcacaga <2e3act-.t-.gtg 150 

ttcagaag^c ctg^fjattcg acctgayyag ttcaaztLtg gat-.gaa.tctr Ltaattaace 240 

tcjtg-ggtcc ccagztcctc cccLgusjeqc ccaggac5.gr: agagtca^cu Luucgr.rtga 300 

*2i0* 119 
143 

<.212> DNA 

<213> Ha-no sapiens 

<40r>v \19 

gtgagttags cgttcagcga LatuzacHta ttafcgaasca ttaLUtLtat tattattatr. 6C 
attaLLatta t.fc«itTatta- fcatt&ttatt Ujagacggae tctegnhctg tcgcccaggc 120 
tarflajrcgcag tggtigcgar ctg 14i 

120 

Oil?* 279 
<212> DMA 
<213> Homo sapiens 



«:4D0> 120 

cca^tcaLLo uatcatacac ccatatctgz oLatctgtct atctatetafc nr.stctatct €0 
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atctatc^at ztatcngcct atcLgcLiLac ctacctatrc cr.ct.atggca atrcjcttgca 12 3 

aocagggaga fctttattccc atfcjugutH-t tgffctatg-g tgacaaciaaL LLLtttggrt 18 n 

gr.oacaaatg ggatgaat£t tactggsa^c L9y..gggtgg agcecagaea r.gct.gctcaa 243 

caccccacag Lgcacaagsc agacccacca caaagaatc 27:* 

<210> 12 L 
<2XX> 263 

<213> HoniL? sapiens? 

-cactaaicr agcLLLLuau aanaactaal ttgatttcua yLy t^tg^ta ztic-aaaffcc oo 

»*gaaggaaa aoaaattttt -tctcgta.c accatrta'-L ha-hattatt atrattat.-a 12I> 

-tactatiar t acta that t atzaLLutr.f. actaagrjaat ggga-tggta yu-Ltaatga 183 

zcccLuLyLt. ttgarthcr.r rgagaLat-n ccayactact ttccactrtg acr^f.aggaa 243 

rttacatrrrc atraactggg rci 26.i 

<210> 12? 
<211> ±M 
<212> DN?V 
<2ii> :tomo sapiens 

<4C0> 122 

gtggtct -Ct acrtgtgtca atacagatag atayafcaqah agatagarag 
agatagarag atsgatag^t ayuLutghnt gtrtitttcca tgacauaLac 
gcujLtgagr t 

<210> 123 
<211> 372 
<212> DW> 
<21V> Homo sapiens 

*40D> 123 

catgngcccc caaagcgnag zr*aactL:iac ccagtgtcac aaaazggcoi LLxiacTgnaTt 60 

actccLecut fcgt:ccaccca :ou:Atac:c aoLgtctgga tcra~tg<yfc^ atagt aaarc 

tagaMra.tr. catctatcLa --c-atccarc tntctatcta tcrarctatc taLOtgtg-a -.60 

tctc-cracc agoLLttr.ta »cr.f.gtcsc-t aatsgtccaa Ltr^catata atgagaaaat 243 



atagatagat 60 
ctcattttzL \23 
'.31 
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ggrtataatt tcctqacjngc r.guntU*cca 
acaacattcp: cacstctugg twatLucnr.c: 
LhHggnggr-fl ca 

«210> 124 
<211> 24-2 
<212> DN7i 
*2i.V> uomo saoiejis 



tagtagr.goa aurxjast.tija acr.flncAggg 3 CO 
natgtttnec utttnccnta a*tt~naatt 3S0 

372 



<4Q0> 124 

agctacagca aact~catgC gacaaaagcc 
agatagatga taga^oaLa yatagaraca 
gar^ragatt ctct'JLctet ^cafcr.c-cdt 
taac^citia^ cctgccsgc-c t:accatgg£ai 



acacccataa nrfcttmcct ctaga-acja= £0 
-arataqata gatagaU^a LuvaLagata i2o 
cLafca^ttct gtcttiCLCt. fcast.t-.atggg 180 
Mgacaacctt Lattzctctt -tctcctggc 240 



.:210> 125 
♦;211> 325 
*212> DNA 

<213> Kcnc sapienc 



<400* l7t*> 

gtgggaggaa gccagtggat ttggaaacag 
tccctgcCtL cuLLcc-tnc fctirccttCCtt 
at.cctrtaac ttactgaata ac~cattatt 
ctagggatgt aggcatgaac ac-gauuugg 
SSKiyLgagac: agggaagaag ccaffcaaatg 
aa^aaacgaa cgcattgatg tcaca 



aua-ggct.tg gccttrjcctrr cetcc=-gcc 60 
scttcctccc L.oc:LLct:LL ecctcc^gca 120 
ar.gggccriCO Lgeatrqfcace a-gnh«ggta 180 
gr.ctccggffa crggcat^ct. ggtaggaaaa 24 C 
catoaa'juag aaacagtzct aagrgctage .^oo 

52 !> 



<?.1Q> 126 
<211> 269 
<212» DMft 

<2lJ:> Homo sapiens 



<40d> itC 

aaagctaLua L-gtaccact gcactcca^c 
aaaryaaaqtfi ggaaggaagg aaggaaggaa 
aggtagaaag agagaaga'-L LLLutncggg 



ctgggaaaoa gaataaga-t ctgt-gaagg £0 
ggaao;o.nagg aaggaaggaa ggaaggogag 120 
taargggege accaaaatat cagaaatcac 130 
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^£-cr.aasgaa ctcattcatcj taaccaaoac eancfcgttcc tiaaaaacct attgaaa'-aa 240 
anacagctiag uuatfuyacaa Agaggnxvt* 2f fi 

<*1Q> 127. 
<21.l> 2 77 

<2i2> una 

<2L"3» Hu:iiu H<=pi~nfl 
<4C0> X7.1 

Hfisgtc^tca aarfsatccfcg aagttrjtjLcL taagccagca ttettaAHAC 
caacaaaaya L-Laaac&gt gtaca^rra^.a tggtgaciefc gaaaccagag 
gctuaL*LHc= accrcgagat Cflatctgcca tgaLa;ja;.£y cttcctagae 
tctLaattat ggagatagtL aLatztac-t ctgLcanagg gctgatgagg 
Sfcaaaar^at czatcLaLut ntat-.ctatat: ctatctasct alcLaL^hah 
u.c-ahc^ar cratcatctc atatgtgf.o ttgttgaggi cg^fc^gagst. 
nqaaasagaa a.aLLLL 

c?.1(\\' 128 
r;3n:. J 44 
<2l2> DNA 

«??13> HCniL> sapiens 
*4GC> 12 fi 

tctrjgar-gg aacttacact gtcggtta^j ctttxrttctca gacctttgaa ctcagacLua 50 

aaccaca^ac Lcaycac-rr: t.gggtctc-a gctzgcca&g Lycccaag^g cagatetticg 120 

gnr.ttctcgg t^dcgttatt gtgLgagtca attcctrg-t nfcaaaattat atatacataz 130 

etttgtagat ggatagaaca Lyatagatag ata<jataggt agatagaLai; atagatagar 240 

a<j*Lugan*g atagatag&t tctgtttcix: Lygagaac-c taatgcacjr.t-. gcccacaotc 300 
ttttfcctttt ttcttta-tt cattgoLuuc fcxraccttc^ aaat 344 

*2lC> 129 
<211> 372 
<2-\7> DNA 

<212> Homo sapiens 
<*00> 129 

aaagcLu'jat ccaaattagfl ta<rqtagac& aaL«v:gtagg taggta&aca qncagacaga 60 



rcraaguagg 60 
LLyLht=act 12C 
Vcaat.taggt 1BC 
tgaaataiLL 2 4C 
nhatctaict 30<: 
atccco-agg 36C 
577 
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ctagataaaL ggacagacba gatasahag?! 
agaLuvubag atngatagat agaL^aatag 
tflq>rac<atct tagt-tctUL yLtactctCt 
tatcacaaga gg&Layuqya ccr.aatatau 
aggtacaaan fybtaccatta ctrcccLLbg 
acl:c!a<jc* 5 ji_:: ct 

<2X0> ISO 
<211> 355 
«.212:* DNA 
*213> Ecrac sapiens 



tacgtacata cataagatag at ay at agar. 120 
a^afca-_agat agagacagat ttnaaanart 1B0 
ganr.tggaac tataaaaaat actctrttao 240 
tgccactgct g LHLcbuaar. agtgacagcc 30(i 
ggctc-gap'- qfcgsnr.tgcc tgc&aecacc 36C 

372 



ttacctaaaL uUjtctcacja ccataccbaa 
ctctccccec cttacagggc agttgLLbat 
ttgag^jaua yaara^ctat ccgtcbtftnfc 
cazLuLcLut r.tar.c^atct a^cbatctat 
gaacacaqac taa^g^aggt suLaactagg 
ccstgoacccc agaggaggcia wctar.tr.cct 



atctcLcLcL cfccr.t^ctct et£U*?cbcc 00 
agaatatar.c r.caatrtgag ttbga-gtrt 12 C 
atctatccat CCatOCat-uL a-boatrrart XSC 
cLdLL=tatct atatazactq cht.tr.ctaga 24C 
it«c:=r.-ccc cactaaoaat ngtr-cagggu 30C. 
ttcbbtcccc -gQaa-cuaL tgctr. 35£ 



*:210> iy.. 
<2X1> 320 
<212:v DKA 
<2lJ> XOIT.O Sapiens 



<400> 12± 

taactgtaa? atttgcLuua acgttaataa 
har.htgaaca rgt^ercaaa tattg.Laaa 
gaatt.tatt zaabtcbatb taLLLafcbta 
gagLuuLgcfc ctgtcgccca nccbagagtg 
tt^=c-cccg ggrtcaayua attctccttc 
cgtgtaccac cuL-gcccgct 



ccaaat-grt Latgaggtgg zgtaaraeeA 60 
gagacacaab taaagaaaga atgasccttg 12 D 
Ttiabbzatt tatttalALa Lbbagagaca 180 
caatggcacg atcttgactbr. actgcaattb 240 
rrbr-agccttc eaagtagctg ggatLAuagg 300 

320 



<210> 132 
<2Mv 159 
<2L2> Wh 

<213> Homo sapiens 
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<40<J> 132 

ttcjtj&rjLutji: oagc-gaact. agcgttttcc tttctLLLcy Lr.tstcttct trtctrtrct SC. 
tttcttttct r-tcc^tcttt ccaagscagg LLcLca<:r.cfc gtcacicagg cragagtgca 120 
gtggtgcaat caoggLLuu:: tgr^g-cczoa actfcrrctgg 159 

<210> 133 
<211> 22* 

•;400> 133 

uacagcahca atggarrrca^ a^qtagataa aLagatagat acataqataq al-.aqar.agat 60 
aqatagacag a tag a tag as acacagacay aragacagac arratgacarg ggatctatta 12C 
gaggaatcag stcauyLgar. Hf.ggaggcfcrT asaaatctcn Lcacagtcca zccgcaagct 1ST. 
ggagacccag gaacactagg acxatggut.e agtccagctc r.aaaagnr:a 22C- 

<210> 134 
<-.;r_i> 379 

«:2L2> DKA 

c213> K»rr.tt nap-, snc 

<400> 3.31 

aycr.ca.'tat. aactroacar; aztgaacaca fcccatgtaac ^utrcanccag at-.haagaaac 62- 

agagcatgac lagcaraatc tcatgcLLcc hr.ttagacac tacagt^gac tcttaaataa 120 

tttggggalL uygggtgcug trgaaaazcc aagtiaLaatt t^gzctcoct gcaaatpfLaa l 00 

ctagta&tag cctactgttg actggaagcc LUicttgact- actacataac flacaeecaca 240 

aasacacaca oicaoautiuu cacacncaca cacacacata taLaLatttt gagatgcagt 330 

cfcfcgr.r.ctgt ttfoceagcrct ggagtneasrt ggcacgaLer cgcctcacrg caacctocse 3*0 
ctccrgg»tt caagcggtt 375 

<210:> Ut> 
<211> 3B7 
<212> DNA 
<213> Hone aapiuna 



<4U:>> 135 
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gaatiataac outaa^tgat tsatagaa^c: 
LLcLyggaag atahhaAcan tgtnacacac 
;ic.tg-acacg gttCtaaaaa Ly LLraacagg 
tgttatagga atcLLuacLs! gqaataaagt 
tigactgetL aaactgaagt caviacaagca 
aiLL-Ujaaaa cagacctgrg cagzagahar: 
^ctiharagng argacgataa cc^acct 



ar.-r.gccaaa ttctatttto tggea&aaia 60 
a?acacacac acacacacac acacacazac: 
ttccittgei-. crgaggaatrc ccagtgt=-t 3 83 
gatoLatagca gtggCaatgcr aaa-ghfcfcr.a 24D 
ttatctcact rt'tttabaa ara-tattta 30 D 
aattatgtgg tacacaga-c- agaaactgay afia 

38V 



